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Photouraph  of  the  Fundus  of  a  Nokmal  Eye.       (Magnified  about  6  diameteis.) 

Enlarged  2  diameters  from  the  original  ijhotograijh  taken  from  life  by 
Professor  Dimmer,  of  Graz. 


Vertical  Section  of  the  Macular  Area. 

From  a  photograph  by  Dr.  (ieo.  Lindsay  Johnson,  showing- 
"  /'',  The  foveal  pit;  mm,  the  true  macula. 
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PREFACE  TO  THE  SECOJSTD  EDITIOIST 

"  Visual  Optics  and  Sight  Testing  "  has  proved  useful  toEnglish-speakiug 
opticians  and  optometrists,  and  it  has  found  a  market  not  only  in  the  British 
Isles,  but  also  in  the  United  States  and  the  Dominions  and  Colonies  of  the 
British  Empire,  I  trust  that  the  numerous  additions  scattered  throughout 
the  work,  and  the  changes  made  in  the  arrangement  of  the  matter  contained 
in  this  Second  Edition,  will  tend  to  increase  its  utility.  The  new  nomen- 
clature in  ocular  anatomy  is  given  in  the  chapter  on  this  subject. 

In  addition  to  the  books  recommended  overleaf  in  the  Preface  to  the 
first  edition,  students  are  advised  to  read  "  The  Recognition  of  Ocular 
Disease,"  by  Dr.  James  Forrest. 

I  again  recognize,  and  with  pleasure,  the  most  invaluable  aid  and  advice 

of  Mr.  H.  Oscar  Wood. 

LIONEL  LAURANCE. 


PEEFAOE  TO  THE  FIRST  EDITION 

I  HAVE  embodied  in  this  work  all  the  matter  contained  in  my  small  book 
"  The  Eye,"  and  I  have  endeavoured  to  cover  here  and  in  "  General  and 
Practical  Optics/'  all  that  is  essential  for  the  sight-testing  optician.  That  I 
shall  not  have  succeeded  will  be  but  natural. 

Those  who  desire  a  higher  knowledge  of  special  subjects  are  recommended 
to  study  Dr.  Lindsay  Johnson's  "Atlas  of  the  Fundus  Oculi,"  Dr.  Maddox's 
works  on  prisms  and  the  ocular  muscles,  Dr.  Percival's  on  optics,  Dr.  Edridge 
Green's  on  colour  vision  and  blindness,  and  Dr.  Tscherning's  on  physiologic 
optics,  while  Dr.  Hartridge's  "  Refraction"  deals  with  the  subject  from  the 
aspect  of  the  medical  refractionist. 

In  order  to  cover  the  important  points  connected  with  the  subject  dealt 
witk^  the  whole  of  the  text  is,  of  necessity,  exceedingly  condensed.  At  the 
same  time,  I  found  it  impossible  to  avoid  a  certain  amount  of  repetition  in 
order  to  lead  up  to,  supplement,  or  maintain  the  sequence  of  the  various 
subjects  as  treated,  or  to  impress  more  forcibly  the  most  essential  facts. 

No  apologies  are  needed  for  mentioning  some  indications  of  pathological 
conditions,  since  a  person  with  defective  sight  may  go  to  the  optician  when 
he  should  go  to  the  oculist. 

I  have  to  acknowledge  my  indebtedness  to  Dr.  Lindsay  Johnson  for  much 
information  contained  in  the  text. 

Mr.  H.  Oscar  Wood  has  aided  and  advised  throughout  in  the  compilation 
and  arrangement  of  the  work;  with  a  few  exceptions  he  has  made  all  the 
drawiags,  worked  up  .several  of  the  collateral  subjects,  and  generally  revised 
the  whole  of  the  subject-matter.  He  has  taken  a  large  and  active  share  in 
the  work. 

LIONEL  LAUEANCE. 


ERRATA. 

Page      7,  line  ']ifor  porus  read  nervus. 

148,  line  II,  for  As.  read  Ac. 

156,  line  13, /(?r  corneal  /(?a^  cornea. 

166,  last  line  but  one,  for  base  out  readhdise  in. 

227,  line  ?),/or  supra-orbital  read  supra-cranial. 

247,  line  iq,for  Lagothalmos  read  Lagophthalmos. 

276,  line  8,  delete  "  or  of  the  cornea  and  aqueous." 

288,  line  30, /^r  Simiae  read  Primates. 

303,  4th  line  below  table, /<?r  Objects  read  Optics. 

317,  last  number  in  table, /tir  7.75  read  6.75. 

414,  ist  col.  of  Bevel  Edged  table,  last  No.  bnt  one./fr  000 
read  0000. 

417,  last  \\x\e,f()r  allery  r<?«(^  gallery, 

Visual  Optics  and  Sight  Testing. 
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CHAPTER  I 

ELEMENTARY  ANATOMY  OF  THE  EYE  (OCULUS) 

{The  more  modern  namea  are  yiven  in  brackets.) 


Fi<;.  1.— Hoiazu^TAL  Section  of  the  Kight  Eye  (Diagrammatic). 

aa,  Aqueous;  v,  vitreous;  L,  crystalline;  G,  cornea;  *S',  sclerotic;  cJi,  choroid; 
r,  retina;  cm,  ciliary  muscle;  cp,  ciliary  processes;  M,  Miiller's  ring;  fr,  fovea 
centralis;  i,  iris;  si,  suspensory  ligament;  sf,  spaces  of  Fontana  and  pectinate 
ligament;  cs,  canal  of  Schlemm;  ac,  anterior  capsule  of  lens;  pc,  posterior  capsule 
of  lens;  cj,  conjunctiva;  07i,  optic  nerve;  os,  ora  serrata;  rv,  entrance  of  retinal  vessels. 

The  Eyeball  {Bulbus  Oculi)  is  an  elastic  body,  about  1  inch  in  diameter, 
approximately  spherical,  but  having  the  segment  of  a  smaller  sphere  pro- 
jecting from  the  front.  There  are  three  coats  which  surround  and  enclose 
three  transparent  media. 
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The  First  Coat  {Tunica  Fibrosa)  consists  of  the  sclerotic  and  cornea,  their 
junction  being  termed  the  sclero-corneal  margin  {sulcus  sclercB)  where  the 
latter  is  inserted  into  the  former. 

The  Sclerotic  {sclera)  is  a  tough,  opaque,  fibrous  membrane  which  sur- 
rounds about  five-sixths  of  the  globe.  It  is  about  1  mm.  thick  at  the  back, 
thins  slightly  towards  the  equator,  again  to  become  somewhat  thicker  at 
its  junction  with  the  cornea.  The  sclerotic  may  be  regarded  as  the  wall  or 
protective  envelope  of  the  eye,  its  functions  being  to  preserve  the  contents 
from  injury  and  to  maintain  its  shape.  Its  colour  is  milk-white,  but,  if 
thin,  has  a  bluish  tinge,  and  if  pigmentation  is  heavy,  as  in  negroes,  it  is 
yellowish.     It  is  but  poorly  supplied  with  bloodvessels. 

The  Cornea  projects  from  the  front  of  the  sclerotic,  and  covers  the  re- 
maining one-sixth  of  the  globe;  its  tissue  is  elastic  and  transparent,  and  it 
may  be  regarded  as  the  window  of  the  eye,  through  which  the  light  is  ad- 
mitted. The  cornea,  with  the  aqueous,  forms  the  first  and  principal  refract- 
ing medium  in  the  dioptric  system  and  the  two  resemble  a  segment  of  a 
sphere  of  transparent  celluloid.  The  diameter  of  the  cornea  is  12  or  13  mm., 
but  usually  its  vertical  diameter  is  slightly  shorter  than  the  horizontal.  Its 
average  thickness  is  1  mm.,  but  is  rather  thirmer  at  the  apex  than  at  the 
scleral  margin.  The  radius  of  curvature  of  the  anterior  surface  is  about 
8  mm.,  that  of  its  posterior  surface  about  6-5  mm.,  so  that  the  cornea  forms 
a  concave  meniscus  whose  index  of  refraction  is  taken  to  be  1*33.  The 
cornea  of  an  infant  does  not  differ  much  in  general  dimensions  from  that  of 
an  adult. 

The  cornea  has  the  following  layers: 

1.  The  outer,  or  epithelial  {epithelium),  which  is  continuous  with  the 
epithelial  layer  of  the  conjunctiva. 

2.  Bowman's  membrane  {lamina  elastica  anterior),  an  incomplete  trans- 
parent layer. 

3.  The  middle,  or  true  corneal  {substantia  propria),  which  occupies  the 
greater  part  of  the  corneal  thickness. 

4.  The  internal,  or  membrane  of  Descemet  {lamina  elastica  posterior), 
which  is  a  highly  elastic  layer,  lined  internally  by  cells  continuous  with  those 
on  the  front  surface  of  the  iris. 

These  cells  are  by  some  regarded  as  forming  a  5th  layer  {endothelium). 

The  cornea  has  no  bloodvessels  in  its  substance,  but  is  nourished  by 
lymph  flowing  between  the  laminae  of  the  middle  layer.  It  is  richly  supplied 
with  fine  nerve  endings,  which  render  it  highly  sensitive  to  touch  and  foreign 
bodies. 

The  Second  Coat  {Tunica  Vasculosa)  consists  of  the  choroid,  the  ciliary 
body  and  the  iris  and  is  sometimes  called  the  uveal  tract  or  coat. 

The  Choroid  {Chorioidea)  lines  the  sclerotic  and  is  composed  of  connective 
tissue,  bloodvessels,  and  dark  brown  pigment  cells.  The  processes  of  the 
latter,  in  the  presence  of  light,  elongate  and  contract,  and  are  evidently 
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connected  with  vision  since  they  exist,  to  a  greater  or  lesser  degree,  in  all 
animals  which  have  light-perceiving  organs.  The  chief  function  of  the 
choroid  is,  however,  probably  nutritive,  supplying,  together  with  the  ciliary 
body,  nourishment  for  the  whole  of  the  eyeball.  The  pigment  of  the  choroid 
does  not  extend  beyond  the  layer  of  large  bloodvessels. 

The  layers  of  the  choroid  from  the  retina  backwards  are : 

1.  The  limiting  layer  or  membrane  of  Bruch  {Lamina  basalts),  a  trans- 
parent, colourless,  structureless  layer  which  lies  in  close  proximity  to  the 
pigment  layer  of  the  retina. 

2.  The  true  choroid  {substantia  propria),  which  is  divided  into 

(a)  The  layer  of  capillaries  {Lamina  capillaris). 

(6)  The  layer  of  large  bloodvessels  {Lamina  vasculosa). 


s  --■ 


AT 


Fig.  2. — The  Ciuaby  Body. 
S,  Sclerotic;  C,  cornea;  /,  iris;  SF,  spaces  of  Fontana;  AT,  anterior  tendon  of  the  ciliary 
muscle;  OF,  circular  fibres;  E,  radiating  fibres;  M,  meridional  fibres;  FT,  posterior 
tendon  of  muscle. 

3.  The  external  pigment  or  fusca  layer  {Lamina  suprachorioidea),  which 
is  next  to  the  sclerotic. 

The  choroid  is  attached  to  the  sclerotic  at  the  optic  disc  and  ciliary 
region.     A  lymph  space  {spatium  perichorioidece)  lies  between  the  two  coats. 

The  Ciliary  Body  {Corpus  Ciliare)  commences  at  the  ora  serrata  and  ter 
minates  at  the  iris  and  crystalline  lens.     It  is  the  anterior  prolongation  of 
the  retina  and  choroid  and  is  about  8  mm.  in  length  over  all.     It  is  com- 
posed of  the  muscle,  the  process  and  the  suspensory  ligament. 

The  Ciliary  Muscle  {Musculus  ciliaris)  consists  mainly  of  two  parts,  i.e., 
the  radiator  {FibrcB  meridionales),  which  arises  from  the  sclero-corneal  margin 
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and,  passing  backwards,  is  inserted  into  the  choroid,  and  the  sphincter 
(Miiller's  ring),  whose  fibres  [Fibm  circulares)  are  at  right  angles  to  those 
of  the  radiator;  these  form  a  ring  which  surrounds  the  perii^hery  of  the  lens 
a  short  distance  from  its  edge.  The  ciliary  muscle  lies  between  the  ciliary 
processes  and  the  sclerotic,  and  immediately  beyond  the  base  of  the  iris. 
It  is  about  1  mm.  in  diameter  at  its  thickest  part  and  about  3-5  mm.  long. 

The  Ciliary  Processes  {Processus  ciliaris)  are  a  direct  prolongation  of  the 
choroid,  forming  a  convoluted  gland,  richly  supplied  with  bloodvessels,  and 
covered  with  secreting  cells  and  dense  black  pigment.  The  function  of  these 
cells  is  to  secrete  a  fluid  to  nourish  the  crystalline  and  vitreous  humour,  and 
to  replenish  the  aqueous. 

The  Suspensory  Ligament,  or  zonule  of  Zinn  {Zonula  ciliaris),  consists  of 
filaments  arising  from  the  memhrana  liniitans  interna  at  the  ora  serrata  and 
from  the  ciliary  processes.  They  are  attached  to  the  capsule  of  the  crystalline 
afc  its  periphery  both  in  front  and  behind,  and  the  triangular  space  thus 
formed  at  the  margin  of  the  crystalline,  by  the  suspensory  ligament,  is  called 
the  canal  of  Petit  {Spatia  zonularia).  The  ligament  is  not  a  complete 
membrane  and  the  aqueous  percolates  through  its  filaments. 

The  Iris  is  a  thin,  highly  pigmented,  coloured  membrane  whose  anterior 
surface  is  visible  through  the  cornea  behind  which  it  lies  and  from  which 
it  is  separated  by  the  aqueous  humour.  In  the  centre  there  is  a  circular 
aperture  called  the  pupil,  through  which  light  enters  the  eye,  the  pupillary 
margin  lying  against  the  front  surface  of  the  crystalline,  by  which  it  is  sup- 
ported and  steadied.  Thus  the  centre  of  the  iris  projects  slightly  beyond 
the  periphery. 

The  Stroma  or  iris  proper  consists  of  bloodvessels  and  connective  tissue. 
On  its  anterior  surface,  up  to  the  pupillary  margin,  there  is  a  layer  of  cells 
continuous  with  those  lining  the  posterior  surface  of  the  cornea,  while  the 
posterior  surface  is  thickly  covered  with  black  pigment  cells  continuous 
with  those  lining  the  ciliary  processes.  The  quantity  of  pigmentation  causes 
the  iris  to  be  light  or  dark,  and  gives  to  the  eye  its  characteristic  coloration 
{vide  Chap.  XVI.).  The  iris  is  divided  by  a  ring  (circulus  minor)  into  two 
zones  which,  in  some  eyes,  are  markedly  different  in  colour. 

The  iris  contains  straight  fibres  {dilatator  pupillce),  radiating  from  the 
centre,  which  dilate  the  pupil  when  the  oj^posing  circular  fibres  are  inactive, 
the  latter  constituting  a  circular  contractile  muscular  ring,  called  the  sphincter 
pupillcB,  which  surrounds  the  pupillary  edge  of  the  iris.  The  circular  fibres 
are  undoubtedly  muscular,  but  the  radiating  fibres  probably  consist  of 
elastic  tissue  kept  slightly  on  the  stretch  by  the  sphincter.  The  diameter 
of  the  iris  is  about  12  mm.,  but  that  of  the  pupil  varies,  the  average  being, 
in  ordinary  light,  say,  3  or  i  mm.  The  width  of  the  iritic  band  thus  varies 
as  to  its  diameter  inversely  with  the  size  of  the  pupil  and  is  about  equal 
to  the  latter  in  moderate  illumination.  It  is  usually  rather  narrower  on 
the  nasal  side. 
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The  Fundus  is  the  interior  of  the  back  of  the  eye,  as  seen  through  the 
transparent  cornea  and  humours  with  the  aid  of  an  ophthahnoscope,  the 
light  passing  into  and  out  from  the  eye  through  the  pupil.  It  is  seen  as  a 
bright  red  field  with  bloodvessels  passing  over  it,  its  most  conspicuous  land- 
mark being  the  whitish  optic  disc  {vide  frontispiece).  The  apparent  size  of 
any  parts  of  the  fundus  of  the  eye,  as  seen  ophthalmoscopically,  is  delusive, 
they  being  seen  highly  magnified. 

The  Retina,  or  third  coat,  consists  of  a  network  of  fibres  and  cells  in 
direct  connection  with  the  optic  nerve  and  adapted  to  receive  the  impressions 
of  light.  It  lies  posterior  to  the  vitreous  and  anterior  to  the  choroid ;  to  the 
latter,  except  at  the  ora  serrata,  it  is  attached  by  the  pressure  of  the  internal 
contents  of  the  eye.  It  contains  various  layers,  the  most  important  being 
that  of  the  rods  and  cones  and  the  hexagonal  pigment-cell  layer,  which  secretes 


^/    /    r   K.    !^  iJ    i-'  s 

Pig.  3. — Drawijjg  :srADE  from  a  Microscopic  Sectio.i^  of  the  Retina. 

1,  Membrana  liniitans  interna;  2,  nerve-fibre  layer;  3,  layer  of  ganglion  cells;  4,  internal 
molecular  layer;  5,  internal  nuclear  layer;  6,  external  molecular  layer;  7,  external 
nuclear  layer;  8,  membrana  limitans  externa;  9,  bacillary  layer  (rods  and  cones); 
10,  hexagonal  pigment  layer. 

the  visual  purple,  a  substance  intimately  connected  with  vision.  These  two 
may  be  considered  the  receptive  layers  of  the  retina,  since  they  are  specially 
influenced  by  the  action  of  incident  light.  The  rods  and  cones  are  packed 
close  together  with  their  free  ends  touching  the  hexagonal  pigment  layer, 
and  are  turned  away  from  the  cornea  (frontispiece),  an  arrangement 
apparently  the  most  favourable  for  receiving  the  stimulus,  whatever  be  the 
changes — chemical,  electrical,  mechanical  or  otherwise — which  results  in  the 
conversion  of  light  into  some  other  form  of  energy  capable  of  transmission 
by  the  retinal  and  optic  nerve  fibres  to  the  brain  so  that  sight  occurs.  If 
light  is  to  do  work  it  must  be  absorbed. 

The  retina  is  transparent  and  invisible  in  health,  the  red  colour  of  the 
fundus  being  due  to  the  reflected  light  from  the  pigment  layer,  the  choroidal 
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pigment  and  from  the  bloodvessels.     Its  thickness  varies  from  -1  mm.  to 
•3  or  -4  mm.,  the  average  being  '15  or  -2  mm. 

The  Layers  of  the  Retina  from  the  vitreous  backwards  are  as  follows : 

1.  Internal  limiting  ^nemhrane.  A  thin,  almost  structureless,  membrane, 
whose  inner  surface  lies  in  contact  with  the  vitreous  humour. 

2.  Nerve-fibre  layer.  A  sheet  of  nerve  fibres  which  are  the  direct  con- 
tinuations of  those  of  the  optic  nerve. 

3.  Nerve-cell  {ganglionic)  layer.  The  retinal  bloodvessels,  which  are  the 
branches  of  the  central  artery  and  vein,  lie  in  this  layer. 

4.  Internal  molecular  or  plexiform  layer.  A  fine  network  of  fibres,  which 
shut  ofi  the  large  bloodvessels  from  the  posterior  layers. 

5.  Internal  granular  or  nuclear  layer. 

6.  External  molecular  or  plexiform  layer.  Similar  to  No.  4.  It  shuts  off 
communication  with  the  capillaries  and  supports  the  inner  terminals  of  the 
rods  and  cones. 

6a.  The  paramacular  or  retinal  plexus  border  layer.  A  narrow,  well- 
defined  layer  of  fibres  discovered  in  the  retinse  of  man  and  most  monkeys, 
and  so  named  by  Lindsay  Johnson.  It  is  seen  (frontispiece)  in  line  with  the 
front  of  the  fovea,  and  extends  only  over  and  around  the  macular  area. 

7.  External  granular  or  nuclear  layer. 

8.  External  limiting  membrane.  A  thin,  perforated  membrane  supporting 
and  insulating  the  rods  and  cones. 

9.  Bacillary  layer,  or  layer  of  rods  and  cones.  The  receptive  terminals  of 
the  optic  nerve,  on  the  ends  of  which  the  image  of  an  external  object  is 
supposed  to  be  formed.  The  cones  are  shorter  and  slightly  thicker  than 
the  rods. 

10.  Hexagonal  pigment  layer.  A  glandular  layer  secreting  the  visual 
purple,  in  which  the  outer  parts  of  the  rods  and  the  tips  of  the  cones  are 
embedded.     This  lies  adjacent  to  the  membrane  of  Bruch  of  the  choroid. 

Layers  1  and  8  are  connected  by  vertical  fibres  which  run  at  right  angles 
to  them,  thus  supporting  the  intermediate  layers;  2,  3,  and  probably  5  and 
7,  form  the  conducting  apparatus;  9  and  10  are  receptive,  while  10  has  a 
secreting  function  as  well. 

The  Macula  and  Fovea. — At  the  back  of  the  eye,  its  centre  on  the  visual 
axis,  situated  about  1-25  mm.  to  the  temporal  side  of  the  posterior  pole,  is 
the  most  sensitive  part  of  the  retina  termed  the  yelloiv  spot,  or  macula  lutea, 
within  which  all  clear  vision  lies.  It  is  difficult  to  see  with  the  ophthal- 
moscope but  may  appear  of  slightly  different  colour  from  the  other  portions 
of  the  fundus,  more  free  from  bloodvessels,  and  sometimes  there  can  be  seen 
a  bright  reflex  ring  surrounding  it  (see  frontispiece).  The  macular  area  is 
round,  or  slightly  elliptical  with  the  longer  diameter  horizontal;  it  is  about 
2-5  mm.  in  diameter;  the  true  macula  is  about  1  mm.  in  diameter,  and  is 
the  seat  of  most  distinct  vision.  In  its  centre  there  is  a  minute  pit,  or  de- 
pression, about  0-25  mm.  in  diameter,  called  from  its  position  the  fovea 
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centralis,  and  this  part  consists  entirely  of  narrow  cone  fibres  packed  closely 
together,  where  vision  is  most  acute.  The  receptive  faculty  of  the  retina 
diminishes  from  the  fovea  to  the  ora  serrata. 

The  Ora  Serrata  is  the  peripheral  termination  of  the  retina  and  lies  a 
little  anterior  to  the  equator  of  the  eye,  near  to  where  the  choroid  proper 
merges  into  the  ciliary  processes. 

The  Optic  Nerve  and  Disc. — The  optic  yierve  ^^©»tfs  opticus)  enters  the  eye 
through  the  sclerotic  at  the  lamina  crihrosa  situated  at  the  back  of  the  globe 
somewhat  to  the  nasal  side  of  the  posterior  pole.  The  head  of  the  nerve, 
called  the  optic  disc,  can  be  seen  with  the  ophthalmoscope  (frontispiece),  or 
in  the  eye  when  dissected,  as  a  round  or  vertically  oval,  pinkish-white  disc, 
from  2  to  2-5  mm.  in  diameter.  The  retina  is  absent  at  the  disc,  so  that 
the  latter  is  insensitive  to  light  and  is,  therefore,  called  the  blind  spot.  The 
sheath  of  the  optic  nerve  is  continuous  with  the  sclerotic  itself.  From  the 
centre  of  the  optic  disc  the  retinal  veins  and  arteries  radiate  over  the  fundus 
(frontispiece),  and  around  the  disc  there  may  be  often  seen  incomplete  rings 
or  crescents  of  white,  bare  sclerotic  and  of  black  choroidal  pigment.  Its 
centre  {excavatio)  is  slightly  lower  and  its  outer  portion  [papilla)  slightly 
higher  than  the  surrounding  retina. 

The  Humours  oJ  the  Eye. — The  interior  of  the  globe  contains  the  crystal- 
line lens  and  the  aqueous  and  vitreous  humours,  all  of  which,  as  well  as  the 
cornea,  are  extremely  transparent  so  that  light  is  freely  transmitted  by  them. 

The  Aqueous  lies  between  the  cornea  and  crystalline  and  is,  as  its  name 
implies,  a  watery  fluid  which  is  slightly  saline.  Its  bulk  is  about  5  minims. 
It  is  contained  in  a  cavity  some  12  mm.  in  diameter  and  about  2-6  mm. 
deep  at  the  optic  axis,  between  the  corneal  posterior  and  lens  anterior  sur- 
faces. Its  functions  are  to  keep  the  cornea  at  its  proper  tension,  to  act  as 
a  lubricant  to  the  iris  and  to  remove  any  waste  products  given  off  by  the 
ciliary  body  and  iris;  possibly  also  it  helps  to  nourish  the  cornea  and 
crystalline. 

The  aqueous  is  secreted  by  the  processes  and  is  constantly  being  renewed 
and  carried  off  through  the  Spaces  of  Fontana  {Spatia  anguli  iridis),  formed 
by  the  coarse  meshes  of  the  pectinate  ligament  [ligamentum  pectinatum  iridis), 
which  lies  in  the  angle  {angulus  iridis)  formed  by  the  iris  and  cornea. 
The  aqueous  secretions,  together  with  waste  products,  are  carried  ofi  to  the 
general  circulation  of  the  body  probably  through  the  Canal  of  Schlemm 
{Sinus  sclerce)  which  lies  in  close  proximity  to  the  pectinate  ligament.  If 
the  aqueous  escapes  otherwise  than  normally  it  is  replaced  very  rapidly. 

The  iris  divides  the  aqueous  into  two  portions,  an  anterior  chamber  {camera 
oculi  anterior)  above  described  and  a  smaller  posterior  chamber  {camera  oculi 
posterior)  occupying  the  small  triangular  space  between  the  iris  and  the 
periphery  of  the  lens.  Some  anatomists,^  however,  term  the  aqueous,  as  a 
whole,  the  anterior,  and  the  vitreous  the  posterior  chamber.  The  index  of 
refraction  of  the  aqueous  is  1-33  and  therefore  it  is  the  same,  for  all  practical 
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purposes,  as  the  cornea,  with  which  it  unites  to  form  a  single  refracting 
surface. 

The  Crystalline  (Le>;.s  rrystallina)  lies  immediately  behind  the  iris  and 
aqueous,  and  is  embedded  in  a  cup-like  recess  of  the  vitreous  {fossa  hjahidea). 
It  is  contained  in  a  capsule  {caj)sula  lentis),  the  anterior  portion  of  which 
has  a  layer  of  cells  {ejnthelium  lentis)  between  it  and  the  lens  itself.  It  is 
retained  in  place  by  the  suspensory  ligament  {zonule  ofZinn)  which  is  attached 
to  its  periphery.  Its  substance  is  transparent  and  consists  of  series  of  fibres 
arranged  in  consecutive  layers,  as  in  an  onion,  and  the  junction  of  these 
fibres  radiates  from  the  centre  to  the  circumference,  resembling  in  front  an 
inverted  \,  and  behind  an  upright  Y.  They  are  visible  to  the  naked  eye 
when  the  crystalline  is  removed,  and  are  rendered  very  conspicuous  by 
boiling. 


Fig.  4. — Diagram  showing  the  Imaginary  Component  Parts  of  the  Crystalline 
pRODxrciNG  A  Compound  Lens. 

When  at  rest  it  forms  a  round  unequally  curved  bi-convex  lens  about 
8  mm.  in  diameter  and  3-6  mm.  thick  at  the  centre,  the  radius  of  the  front 
surface  being  10  mm.,  and  that  of  the  back  surface  6  mm.  In  childhood 
it  is  probably  as  thick  as  in  adult  life,  but  its  diameter  much  less,  so  that  the 
curvature  of  its  surfaces  is  greater  than  later  in  life. 

The  nucleus  {suhstantia  nuclei)  is  denser  than  the  cortex  {suhstantia  corti- 
calis),  the  index  of  refraction  of  the  outer  layers  being  but  little  higher  than 
that  of  the  aqueous — say  1-34 — gradually  increasing  to  the  centre,  where  it 
is  about  1-40;  also  the  curvatures  of  the  inner  layers  are  greater  than  those 
of  the  periphery.  The  crystalline  may  be  regarded  as  a  small  bi-convex 
lens  of  very  high  refracting  power,  having  a  series  of  convexo-concave  shells 
in  front  and  behind,  or  as  a  bi-convex  lens  enclosed  between  two  convexo- 
concave  menisci  of  lower  power,  as  illustrated  in  Fig.  4,  but,  of  course,  there 
are  no  actual  divisions. 

The  crystalline  is  highly  resilient  and  can  easily  change  its  form,  especi- 
ally as  to  its  anterior  cortical  portion;  this  flexibility  lessens  with  age  and 
finally  becomes  lost.  Also,  with  age,  the  denser  nuclear  portion  occupies 
a  greater  proportion  of  the  whole  bulk  of  the  lens  and,  further,  it  becomes 
less  transparent,  as  is  evidenced  by  the  higher  reflectivity — so  called 
fluorescence — of  an  old  crystalline  even  if  there  is  obtained  a  clear  fundus 
reflex.  The  weight  of  the  crystalline  is  between  -175  and  -250  gram,  it 
increasing  in  weight  from  maturity  to  old  age. 
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The  Vitreous  Humour  {Corpus  vitreum)  lies  behind  tlie  crystalline  and 
serves  to  preserve  the  form  and  tension  of  the  globe,  of  whose  volume  it 
occupies  about  four-fifths.  It  is  transparent,  of  a  soft  jelly-like  nature, 
having  loose  fibrous  stroma  and  fluid  humour,  somewhat  resembling  the  white 
of  an  egg.  It  is  surrounded  by  an  enclosing  capsule  termed  the  hyaloid 
membrane  {memhrana  hyaloidea)  and  is  bounded  behind  by  the  retina  and 
in  front  by  the  processes,  the  ligament  and  the  lens  capsule.  Its  depth,  on 
the  central  line,  is  about  15  mm.,  and  its  width  about  25  mm.;  its  index 
of  refraction  is  the  same  as  that  of  the  aqueous,  namely,  1-33.  Unlike  the 
aqueous,  it  cannot  be  replaced  if  allowed  to  escape,  but  such  a  loss  might  be 
replaced  by  aqueous. 

The  External  Motor  Muscles  are  six  in  number,  and  consist  of  the  four 
recti  and  the  two  obliques. 


Fig.  .5.— Diagram,  from  above,  of  the  Motor  Muscles  op  the  Left  Eve. 

.1,  Superior  oblique;  B,  internal  rectus;  0,  superior  rectus;  7),  external  rectus. 

The  inferior  rectus  nnd  inferior  oblique  cannot  be  seen. 

The  Four  Recti  arise  from  a  tendinous  ring  at  the  apex  of  the  orbit  sur- 
rounding the  o'plic  foramen,  and  each  is  inserted,  in  front  of  the  equator, 
into  the  sclerotic  from  6  mm.  to  8  mm.  behind  the  corneal  margin.  The 
internal  rectus  {rectus  medialis)  is  nearest  the  cornea,  then  the  inferior  {rectus 
inferior),  the  external  {rectus  lateralis)  and  the  obliques  {obliquus  superior 
and  inferior)  in  that  order.  The  superior  and  inferior  recti  are  attached 
obliquely  to  the  sclerotic,  the  nasal  side  of  the  attachment  being  nearer  to 
the  cornea;  thus  their  action  is  lateral  as  well  as  vertical.  The  recti  are 
about  40  mm.  long. 

The  superior  oblique  has  the  same  origin  as  the  recti,  and,  extending 
forward  to  the  nasal  angle  of  the  orbit,  passes  through  a  small  fibrous  pulley 
— the  trochlea — and  then  obliquely  backwards  and  outwards  beneath  the 
superior  rectus,  to  be  inserted  into  the  upper  outer  quadrant  of  the  globe 
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behind  the  equator.  The  efiective  origin  of  this  muscle  is  its  pulley.  The 
inferior  oblique  arises  from  a  depression  at  the  nasal  lower  margin  of  the 
orbit  and,  winding  round  the  globe  beneath  the  inferior  rectus,  is  inserted 
in  the  lower  outer  quadrant,  some  6  mm.  from  the  insertion  of  the  superior 
oblique.  The  pulley  of  the  superior  oblique  allows  of  increased  length  of 
muscle,  and  therefore  of  power  and  rapidity  of  action.  The  inferior  oblique 
has  little  or  no  tendon,  and,  curling  half  round  the  globe,  possesses  great 
power  and  leverage  for  its  size. 


Fig.  6. — Diagram,  from  slightly  bjilow    on  the  Temporal  Side,  of  the  Motor 
Muscles  of  the  Left  Eye,  showing  the  Inferior  Rectus  and  Inferior  Oblique. 

A.  Supefibr  oblique;  B,  internal  rectus;  C,  superior  rectus;  D,  external  rectus;  F,  inferior 
rectus;  F,  inferior  oblique. 

The  four  recti  are  so  termed  because  they  run  directly  from  their  origin 
to  their  attachment  to  the  sclerotic,  while  the  obliques  do  not.  The  recti, 
having  their  origin  behind  the  globe,  tend  to  retract  the  latter  into  its  socket, 
while  the  obliques,  having  their  origin  in  front,  tend  to  advance  it.  Each 
muscle  has  a  check  ligament,  which  prevents  excessive  rotation  and  pressure 
on  the  globe,  insures  an  even  pull  of  the  muscle,  and  tends  to  arrest  retrac- 
tion of  the  eye  into  the  orbit.  The  action  of  the  motor  muscles  is  treated 
in  Chap.  II. 

The  Ocular  Appendages. — The  Orbit  is  a  funnel-shaped  shell  of  bone 
having  its  wide  opening  towards  the  front;  the  eyeball  is  situated  within 
it,  and  is  there  kept  in  position  by  the  conjunctiva.  Tenon's  capsule,  and 
the  ocular  muscles. 

The  Optic  Foramen  [Foramen  opticum)  is  a  small  opening  at  the  back  of 
the  orbit  through  which  the  optic  nerve  passes  on  its  way  from  the  brain  to 
the  globe  of  the  eye. 

Tenon's  Capsule  {Fascia  Bulhi)  is  an  elastic  conical  sheath,  divided  into 
an  anterior  and  posterior  compartment,  and  filled  with  semi-liquid  fat.  It 
encloses  the  eye,  which  is  slung  within  it,  together  with  the  muscles,  blood- 
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vessels,  optic  nerve,  and  lachrymal  gland.  At  the  back  it  is  attached  to 
the  apex,  and  in  the  front  to  the  outer  rim,  of  the  orbit,  and  gives  off  special 
sheaths  for  the  optic  nerve  and  each  of  the  motor  muscles.  It  has  an  outer 
fibrous  and  an  inner  mucous,  or  secreting,  layer ;  a  narrow  space  between  the 
two  communicates,  through  the  optic  foramen,  with  the  brain. 

The  Conjunctiva  is  a  transparent  membrane  which  covers  the  inner  surface 
of  the  lids  and  the  front  of  the  eyeball.  Its  functions  are  (a)  to  protect  the 
eye,  (6)  to  prevent  foreign  bodies  from  penetrating  the  orbit  behind  the 
globe,  and  (c)  to  reduce  friction  between  the  lids  and  the  globe. 

It  consists  of  three  parts : 

1.  The  Conjunctiva  Tarsi  {Palpehrarum),  a  smooth  membrane  which  lines 
the  lid,  and  is  firmly  connected  with  the  substance  of  the  latter. 

2.  The  Conjunctival  Fold,  continuous  with  and  connecting  1  and  3,  passes 
backwards,  beyond  the  lids,  in  a  loose  fold  which  is  reflected  forwards  upon 
itself  to  cover  the  globe.  The  fold  above  {fornix  superior  conjunctivcB) 
passes  backwards  farther  than  that  below  {fornix  inferior).  The  looseness 
of  the  folds  allows  the  globe  to  move  freely  in  all  directions. 

3.  The  Conjunctiva  BuIbi  is  that  transparent  portion  which  covers  the 
visible  part  of  the  sclerotic,  with  which  it  is  loosely  connected,  except  at  the 
part  surrounding  the  cornea  {limbus).  It  is  prolonged  over,  and  firmly 
attached  to  the  cornea,  forming  its  front  layer.  The  conjunctiva  possesses 
bloodvessels  which  diminish  in  size  towards  the  centre,  and  none  encroach 
on  the  corneal  area. 

The  Caruncle  {Caruncula)  is  the  small  red  glandular  projection  at  the 
nasal  angle  of  the  commissure;  it  is  covered  with  a  small  free  fold  of  con- 
junctival tissue,  the  plica  semilunaris,  which  is  the  relic  of  the  memhrana 
nictitans,  or  third  eyelid,  common  to  a  large  number  of  mammals,  birds, 
and  reptiles.  Occasionally  it  is  more  than  usually  developed  in  men  and 
certain  monkeys,  but  never  so  as  to  be  functionally  active. 

The  Lachrymal  Apparatus  consists  of  a  gland  {glandula  lacrimalis),  the 
lacus,  two  papillcB  and  puncta,  two  small  canals  or  canaliculi  {ductus),  a  sac 
{saccus),  and  a  duct  {ductus  naso-lacrimalis). 

The  gland,  which  secretes  the  lachrymal  moisture,  is  situated  above  the 
outer  angle  of  the  lids  in  a  depression  underneath  the  orbit  and  behind  its 
rim.  The  secretion  is  carried  by  the  movement  of  the  upper  lid — winking 
or  blinking- — over  the  front  of  the  eye,  but  always  towards  the  inner  canthus, 
where  it  collects  in  the  small  cavity,  called  the  lacus,  near  the  caruncle ;  it  is 
then  drawn  through  a  minute  opening — the  punctum- — in  each  lid  into  the 
lachrymal  canals  leading  to  the  lachrymal  sac,  and  thence,  through  the  nasal 
duct,  into  the  cavity  of  the  nose,  where  it  is  evaporated  or  passes  into  the 
throat.  All  parts  of  the  lachrymal  apparatus  are  hidden  from  view,  but 
the  puncta  can  be  seen  as  two  minute  perforations,  with  raised  edges  (the 
papillcB),  on  the  nasal  edge  of  the  upper  and  lower  lids.  The  normal  action 
of  the  lachrymal  secretion  is  to  bathe  and  keep  clear  the  front  of  the  eye,  dust. 
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etc.,  being  carried  by  it  over  towards  the  inner  canthus  whence  it  can  be 
easily  removed. 

The  normal  secretion  is  not  large  and  its  overflow  in  ordinary  circum- 
stances is  prevented  by  the  oily  secretions  of  the  Meibomian  glands.  If 
the  secretion  is  excessive  so  that  it  is  too  great  to  be  carried  away  by  the 
lachrymal  apparatus  it  becomes  a  flow  of  tears.  The  secretion  is  accelerated 
by  wind,  cold  or  dust,  by  traumatism  and  by  inflammatory  conditions  of  the 
mucous  membrane  of  the  conjunctiva,  lachrymal  apparatus  or  of  adjacent 
parts;  also  its  normal  transmission  is  prevented  by  stoppage  of  the  puncta 
or  lachrymal  canals.  The  greater  part,  however,  of  the  secretion  is  evaporated 
from  the  front  of  the  eye. 


Carta  li"^i'it 


Fig.  7. — Diagram  showing  the  Lachrymal  Apparatus. 

The  lachrymal  secretion  is  a  salty  watery  fluid  of  the  same  refractive 
index  as  those  of  the  cornea  and  aqueous,  and  its  contour  is  the  same  as 
that  of  the  former,  the  confusion  of  vision,  caused  by  tears,  being  due  to 
the  altered,  and  unequal,  refracting  effect  of  the  excessive  moisture  owing 
to  its  being  unequally  distributed  and  irregularly  curved. 

The  Eyelids  iPalfehrce)  consist  of  external  skin,  a  thick  layer  of  dense 
connective  tissue — the  cartilage  (tarsus),  a  thin  muscular  layer  and  the  con- 
junctiva tarsi;  they  contain  no  fat.  The  free  edges  of  the  lids  are  flat  and 
there  the  skin  passes  abruptly  into  the  mucous  membrane  lining  the  inside 
of  each,  and  continuous  with  the  conjunctiva  bulbi.  The  upper  lid  serves  as 
a  protector  and  to  keep  the  anterior  surface  of  the  eye  moist.  The  Meibomian 
Glands  [glandulcB  tarsalis)  are  situated  beneath  the  conjunctiva,  and  their 
ducts  lie  along  the  free  border  of  the  lid,  just  internal  to  the  lashes;  their 
function  is  to  secrete  an  oily  fluid  to  lubricate  the  inner  surface  of  the  lids 
and  front  of  the  globe.  The  opening  between  the  lids  is  termed  the  fissure 
[rima)  the  size  of  which  governs  the  apparent  size  of  the  eye.  The  outer 
and  inner  angles,  formed  by  the  upper  and  lower  lids  at  the  junction,  are 
respectively  the  lateral  or  temporal  and  the  medial  or  nasal  commissure  or 
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canthus.  The  upper  lid  normally  covers  the  upper  portion  of  the  cornea, 
when  the  eye  is  open,  while  the  edge  of  the  lower  lid  may  be  below,  at  or 
above  the  lower  edge  of  the  cornea. 

The  Muscles  of  the  Lid  are — 

1.  The  Levator  Palpebrse,  which  raises  the  upper  lid. 

2.  Miiller's  Muscle — an  involuntary  muscle  which  aids  the  levator  in  raising 
the  upper  lid  and  helps  to  keep  the  lid  elevated.     It  lies  beneath  the  levator. 

3.  The  Orbicularis,  forming  a  thin  layer  of  fibres  which  surround  the 
orbit  for  a  considerable  distance.  By  its  contraction  the  lids  are  closed  and 
the  skin  round  the  eye  drawn  together.  When  the  eye  is  opened  the  skin 
of  the  upper  lid  is  gathered  into  folds,  this  being  rendered  easy  by  the  fact 
that  the  lid  contains  no  fat.  When  the  eye  is  closed  the  two  lids  meet  first 
at  the  outer  canthus  and  then  gradually  in  their  whole  length,  thus  forcing 
the  lachrymal  secretion  over  towards  the  inner  canthus.  The  transverse 
junction  of  the  closed  lids  is  below  the  pupil.  The  lower  lid  moves  but  very 
slightly  when  the  eye  is  opened  or  closed,  the  main  part  of  these  actions 
being  dependent  on  the  upper  lid.  Depression  of  the  eye  is  always  accom- 
panied by  a  lowering  of  the  upper  lid.  The  latter  is  not  perfectly  opaque 
as  can  be  noticed  if  the  hand  be  placed  between  the  closed  eyes  and  a  bright 
light. 

The  Eyebrows  consist  of  stiff  hairs  lying  horizontally ;  they  help  to  shade 
the  eyes  and  protect  them  from  moisture  falling  from  the  forehead.  The 
Eyelashes  are  stifi  hairs  at  the  margins  of  the  lids,  and  are  more  or  less  curved 
away  from  the  fissure;  they  shade  the  eyes  and  protect  them  from  foreign 
bodies.  The  eyelashes  and  lids  are  prevented  from  sticking  by  the  oily 
secretions  of  the  meibomian  glands.  A  lens,  against  which  the  lashes  brush, 
soon  becomes  smeared  and  loses  its  transparency. 

TABLE  OF  MUSCLES  CONNECTED  WITH  THE  EYE. 


Muscle. 


A  ction. 


Nerve-Supply. 


External  rectus  . . 
Internal  rectus  . . 
Superior  rectus  . . 
Inferior  rectus  . . 
Superior  oblique 
Inferior  oblique 

Sphincter  of  ciliary 
Radiator  of  ciliary 

Sphincter  of  iris 
Dilator  of  iris 

Levator  palpebr;c 
Miiller's  muscle  . . 
Orbicularis 


Rotation  of  the  globe 


]•  j  Accommodation 
j-  j  Pupillary  action 


Movements  of  the  lids 


Sixth  (abducens) 
Third  (motor  oculi) 
Third  (motor  oculi) 
Third  (motor  oculi) 
Fourth  (pathetic) 
/Third  (motor  oculi) 

/Third  (motor  oculi) 
(.Third  (motor  oculi) 

/Third  (motor  oculi) 
\  Sympathetic 

{Third  (motor  oculi) 
Sympathetic 
Seventh  (facial) 
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Fig.  8. — The  Schematic  Eye. 

0,  The  optic  disc;  M,  the  macula;  MM',  the  visual  line;  B,  the  posterior  pole;  A,  the 
anterior  pole;  J 5,  the  optic  axis;  0,  the  centre^of  rotation;  N,  the  nodal  point; 
P,  the  principal  point;  QQ,  the  equator. 
PJTj— 15  mm.  ;  Pi^2=20mm.;  PiV=5mm.;  NF-^  =  2Q  vnm.;  NF2=^\5  mm.; 
AP=2-2  mm. ;  AN— 1-2  mm. ;  AB=22-2  mm. 

The  Axis  and  Poles. — The  optic  axis  AB  (Fig.  8)  is  the  central  line  of  the 
globe,  connecting  the  geometrical  centre  of  the  cornea  with  that  of  the  fundus. 
It  passes,  therefore,  through  the  centre  of  the  crystalline  to  a  point  near  the 
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inner  margin  of  tlie  macula  lutea.  Where  the  optic  axis  passes  through  A 
the  centre  of  the  cornea  is  the  anterior  pole,  and  the  corresponding  point  B 
at  the  centre  of  the  fundus  is  the  posterior  pole.  It  is  the  principal  axis  of 
the  ocular  refracting  system. 

The  Equator  and  Meridians. — The  equator  QQ  is  an  imaginary  plane  vertical 
to  the  optic  axis,  dividing  the  eye  into  the  anterior  and  posterior  hemispheres. 
The  various  planes  passing  through  the  poles  are  called  meridians  ;  they  are 
at  right  angles  to  the  equator. 

The  Nodal  and  Principal  Points. — The  optical  centre  of  the  eye  N  is  known 

as  the  nodal  point ;  it  lies  on  the  optic  axis,  about  7-2  mm.  behind  the  vertex 
of  the  cornea,  and  practically  coincides  with  the  posterior  surface  of  the 
crystalline.'  The  principal  point  P  marks  on  the  optic  axis  the  position  of 
the  imaginary  plane  in  which  the  refraction  of  the  various  surfaces  is  pre- 
sumed to  be  united;  it  is  situated  in  the  aqueous,  about  2-2  mm., from  the 
cornea,  between  the  latter  and  the  anterior  surface  of  the  crystalline.  Actu- 
ally there  are  two  principal  and  two  nodal  points,  but  the  two  of  each  pair 
are  so  close  together  that  they  may  be  considered  one. 

The  Visual  Axis,  or  line  of  vision  MM',  passes  from  the  fovea  through  the 
nodal  point  to  the  point  of  fixation.  It  does  not,  therefore,  coincide  with  the 
optic  axis,  but  passes,  with  respect  to  the  latter,  upwards  some  3°  or  4°  and 
inwards  about  5°,  piercing  the  cornea  on  the  nasal  side  of  the  anterior  pole 
and  slightly  above  it.  When  the  visual  axis  is  directed  straight  forward 
the  resultant  deviation  of  the  optic  axis  is  about  6°  down  and  out  from  the 
horizontal. 

Secondary  Axes  are  all  those  lines  which  pass  through  the  nodal  point 
obliquely  to  the  optic  axis.     The  visual  line  is  therefore  a  secondary  axis. 

Other  Axes  of  reference  are  shown  in  Fig.  9,  which  represents  the  right 
eye,  of  which  Tl  is  the  temporal,  and  iV'  the  nasal  side.  N  is  the  nodal 
and  P  the  principal  point,  M  the  fovea  centralis,  A  the  anterior,  and  B  the 
posterior  pole,  AB  the  optic,  and  MF  the  visual  axis.  The  point  C,  around 
which  the  eye  revolves  in  its  various  excursions,  is  the  centre  of  rotation.  All 
these  are  the  same  as  in  Fig.  8. 

The  Corneal  Axis  NE  is  a  line  coinciding  with  the  long  axis  of  the  corneal 
ellipse;  it  is  supposed  to  be  directed  somewhat  towards  the  optic  disc,  and 
therefore  cuts  the  cornea  on  the  temporal  side  of  A. 

The  Fixation  Axis  CF  is  the  line  connecting  C,  the  centre  of  rotation, 
with  the  point  of  fixation,  F. 

The  Pupillary  Axis  is  a  line  normal  to  the  cornea,  passing  from  its  centre 
of  curvature  through  the  centre  of  the  pupil  and  not  shown  in  the  diagram. 

Angle  a  (alpha)  is  the  angle  DNF  formed  by  the  optic  and  visual  axes 
at  N,  the  nodal  point;  its  size  varies  directly  with  the  distance  MB  and 
inversely  with  that  of  MN.  If  the  distance  MB  be  1-25  mm.  and  that  of 
MN  be  15  mm.,  we  get  sin  a=M5/MiV=  1-25/15= -083= sin  5°.     Angle  a 
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is,  therefore,  about  5°  in  an  ordinary  eye.  If  MB  be  taken  as  a  fixed  quantity, 
tbe  value  of  a  diminishes  as  MN  is  greater,  and  vice  versa.  Thus  in  hyperopia 
a  is  greater  than  5°,  and  may  be  as  large  as,  say,  8°,  while  in  myopia  it  is 
smaller,  being  sometimes  as  low  as  2° ;  if  .B  coincides  with  M  the  value  of  a 
is  zero,  and  it  is  negative  if  B  lies  to  temporal  side  of  M.  Extreme  values 
of  a  may  result  from  anatomical  anomalies  as  to  the  position  of  the  macula 
with  resjDect  to  the  posterior  pole. 


ym.  9. 


Most  writers  apj)ly  the  term  a  as  above  defined.  Donders  presumed  the 
cornea  to  be  elHpsoidal  in  curvature,  with  its  long  axis  coincident  with  the 
optic  axis,  that  is  NE  coincident  with  BAD.  Later  it  was  thought  that  the 
corneal  axis  was  as  NE  (as  shown  in  Eig.  9)  on  the  temporal  side  of  AB,  and 
some  writers  called  ENF  angle  a  and  DNF  angle  ^  (beta),  or  something  else; 
still  later  the  existence  of  an  ellipsoidal  axis  as  a  general  condition  became 
extremely  doubtful.  Whether  there  is,  or  is  not,  normally  a  corneal  axis 
distinct  from  the  optic  axis,  the  former  is  of  little  consequence,  and  can  be 
disregarded  or  taken  as  coincident  with  BA,  so  that  angle  a  is  that  formed 
by  the  visual  axis  and  the  optic  or  corneal  axis  indifierently. 

Angle  7  (gamma)  is  that  angle  DCF  formed  at  C,  the  centre  of  rotation, 
by  the  optic  axis  and  the  line  of  fixation.  It  can  be  seen  that  BCF  differs 
but  slightly  from  DNF,  and  the  two  may  be  taken  as  equal — in  fact,  it  is  very 
probable  that  the  centre  of  rotation  does  not  lie  on  the  optic  axis,  and  if  it 
lies  on  the  visual  axis,  the  visual  and  fixation  lines  coincide. 
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Angle  K.  (kappa)  is  the  angle  formed  by  the  central  pupillary  line  and  the 
visual  line. 

It  is  very  difficult  to  locate  the  anterior  pole  and  optic  axis.  The  centre 
of  the  pupil  is  to  the  nasal  side  of  the  centre  of  the  cornea,  and  not  imme- 
diately behind  it;  consequently,  the  image  of  a  flame,  seen  in  the  centre  of 
the  pupil,  is  formed  some  4  mm.  behind  the  cornea,  on  a  normal  to  it  which 
passes,  through  the  centre  of  the  pupil,  from  the  centre  of  curvature  of  the 
cornea  some  8  mm.  behind  its  surface.  Its  direction  does  not,  therefore, 
indicate  AB  but  a  line  a  little  to  the  nasal  side  of  it. 

The  corneal,  optic,  and  pupillary  lines  may  be  regarded  as  identical,  as 
also  may  the  visual  and  fijcation  lines.  Therefore  angles  a,  /3,  7,  and  k  are, 
for  all  practical  purposes,  the  same,  and  may  be  considered  and  called  angle  a. 
In  practice  the  angle  k  is  the  one  usually  measured. 

Reference  Points  of  Fundus. — M,  the  fovea  centralis,  is,  in  the][normal  eye, 
1*25  mm.  distant  from  B  the  posterior  pole,  on  the  temporal  side,  and  the 
macular  area  being  about  2-5  mm.  in  diameter,  its  nasal  extremity  coincides 
with  B.  The  optic  disc  0  is  from  2*0  to  2-5  mm.  in  diameter,  its  temporal 
extremity  being  about  2-50  to  2-75  mm.  to  the  nasal  side  of  B.  The  disc 
varies  in  diameter,  but  the  total  distance  between  the  centres  of  the  disc 
and  of  the  macula  is  approximately  2  discs'  width.  The  fovea  M  lies  rather 
below  the  centre  of  the  disc  and  about  1  mm.  below  B.  Fig.  9  represents, 
of  course,  a  horizontal  section  of  the  eye. 


Quadrants  and  Meridians  of  the  Eye. — ACBD  is  the  cornea  of  a  left  eye, 
in  which  AB  is  the  vertical  and  CD  the  horizontal  meridians.  E  is  the  1st, 
or  upper  temporal  quadrant ;  F  the  2nd,  or  upper  nasal  quadrant ;  G  the  3rd 
or  lower  nasal  quadrant;  H  the  4th,  or  lower  temporal  quadrant. 

The  numbers  given  are  the  same  for  both  eyes,  but  the  temporal  and 
nasal  quadrants  are  reversed.  Thus,  in  the  left  eye  the  1st  and  4th  are 
temporal  and  the  2nd  and  3rd  are  nasal,  but,  in  the  right  eye,  the  2nd  and 
3rd  are  temporal  and  the  1st  and  4th  are  nasal.  This  numeration  accords 
with  the  trigonometrical  division  of  a  circle  in  which  the  upper  right  quadrant 
is  the  1st,  and  contains  the  angles  between  0°  and  90°;  No.  2  contains  the 
angles  between  90°  and  180°;  No.  3  the  angles  between  180°  and  270°,  and 
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No.  4  those  between  270°  and  360°.  The  nomenclature  of  the  quadrants  is 
anatomical,  and  therefore  symmetrical  as  regards  the  median  line  of  the  face, 
but  the  numeration  is  not.  It  should  also  be  observed  that  right  and  left 
differ  in  the  mathematical  and  anatomical  senses.  Mathematically,  the  right 
or  left  in  a  body  is  that  side  opposite  respectively  the  right  or  left  hand  of 
the  observer,  while  anatomically  the  right  or  left  is  respectively  on  the  right 
or  left  of  the  subject,  and  therefore  contrary  to  the  mathematical  terms.  In 
pure  optics  the  mathematical  nomenclature  is  used,  but  in  visual  optics  the 
anatomical  is  adopted  of  necessity — e.g.,  the  right  eye  of  a  spectacle  is  for 
the  right  eye  of  the  wearer.  In  all  matters  connected  with  the  subject  care 
must  be  taken  not  to  confuse  the  terms. 

The  locus  of  the  various  meridians  of  the  eye  is  of  importance  in  sight- 
testing,  and,  as  indicated,  each  eye  is  similarly  divided  into  meridians,  the 
notation  of  which  commences  at  the  right-hand  extremity  of  the  horizontal 
meridian  as  seen  by  the  observer — that  is,  at  the  temporal  extremity  of  the 
left,  and  the  nasal  extremity  of  the  right,  eye.  This  is  more  fully  explained 
under  "  Astigmatism." 

The  Refraction  of  the  Eye  is  derived  from  the  cornea,  the  aqueous,  the 
crystalline  lens,  and  the  vitreous.  Since  the  /x's  of  the  aqueous  and  cornea 
may  be  taken  as  equal,  as  well  as  those  of  the  aqueous  and  vitreous,  the 
optical  system  of  the  eye  resolves  itself  into  a  single  refracting  surface — i.e., 
the  front  surface  of  the  cornea,  and  a  biconvex  lens,  the  crystalline,  the  two 
components  being  separated  by  an  interval.  The  refracting  powers  and 
focal  lengths  of  the  combined  system  are  worked  out  in  another  chapter, 
and  here  it  suffices  to  say  that,  in  the  optical  system  of  the  normal  eye, 
termed  the  schematic  eye,  the  anterior  and  posterior  focal  distances  are 
measured  from  the  principal  point,  P  (Fig.  11,  A).  The  first  medium  is  air 
and  the  last  vitreous,  and,  since  their  refractive  indices  differ,  the  anterior 
and  posterior  focal  lengths  also  differ,  F^  being  15  mm.  and  F^  20  mm.  from 
P.  For  the  same  reason  the  refracting  plane,  which  is  marked  by  the  prin- 
cipal point  P,  does  not  coincide  with  the  combined  optical  centre,  or  nodal 
point,  N,  where  the  unrefracted  secondary  axes  cut  the  principal  axis.  The 
distances  of  object  and  image  from  N,  and  not  from  P,  govern  the  size  of 
the  real,  inverted  and  reversed  image  formed  on  the  retina  by  the  dioptric 
system. 

The  Reduced  Eye. — For  the  sake  of  simplicity  the  eye  may  be  regarded  as 
having  only  one  refracting  surface  and  one  uniform  medium  of  index  1'333. 
The  crystalline  and  actual  cornea  are  presumed  to  be  removed,  and  the 
three  refracting  surfaces  replaced  by  one  at  P,  whose  centre  of  curvature  is 
at  N,  the  nodal  point.  Thus  in  the  reduced  eye  B,  shown  in  Fig.  11,  the 
cornea  occupies  the  position  of,  and  replaces,  the  refracting  plane  of  the 
schematic  eye  A,  and  all  the  cardinal  points  P,  N,  F-^  andPo  are  unchanged. 
The  reduced  eye  represents  the  equivalent  dioptric  system  of  the  schematic 
eye. 
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The  Capacity  of  the  Eye. — ^The  eye,  although  only  1  inch  in  length,  is 
capable  of  perceiving  objects  of  every  magnitude  down  to  one  of  -^^^  inch,  or 
even  less,  with  a  range  varying  from  a  few  inches  to  an  infinitude  of  miles. 
The  dioptric  system  is  specially  constructed  for  collecting  and  arranging 
light  rays,  so  that  they  may  impress  the  retina  with  a  distinct  image  of  the 
object  seen.  The  eye  performs  the  functions  of  a  variety  of  optical  instru- 
ments, being  at  the  same  time  a  microscope,  a  telescope,  a  telemeter,  a 
cinematograph,  and  a  panoramic  camera.  We  see  life-sized  moving  objects 
in  natural  colours  and  in  stereoscopic  relief.  As  a  photographic  camera, 
having  an  adjustable  lens  and  iris  diaphragm,  the  eye  works  at  anything 
between  F/11  and  F/3,  the  focal  length  of  the  lens  system  being,  say,  20  mm., 
and  the  aperture  of  the  iris  2  to  7  mm.  in  diameter.  By  means  of  the  re- 
fracting media,  a  sharp  picture  of  an  object  is  formed  on  the  retina,  and  by 


Fig.  11. — A  is  the  Schematic  and  B  the  Reduced  Eye. 

The  line  F^F.,,  passing  through  iV  and  P,  is  the  optic  axis;  iV  is  the  nodal  and  P  the 
principal  point;  Fi  and  F2  are  the  anterior  and  posterior  principal  foci. 


means  of  the  accommodating  power,  objects  at  various  distances  can  be 
distinctly  seen  without  the  necessity  of  aj^proaching  or  moving  away  from 
them.  By  means  of  the  external  muscles,  objects  situated  in  various  posi- 
tions, in  relation  to  the  observer,  can  be  viewed  without  movement  of  either 
the  head  or  the  object. 

The  iris,  and  to  some  extent  the  lids,  regulate  the  quantity  of  light  ad- 
mitted to  the  interior  of  the  eye.  The  choroid  and  back  of  the  iris  absorb 
superfluous  light,  thus  preventing  internal  reflection,  and,  when  darkness  is 
necessary,  the  light  is  shut  out  by  the  lids. 

The  Visual  Angle  ANB  in  Fig.  12  is  that  subtended  by  the  object  at  the 
nodal  point.  It  can  be  constructed  by  drawing  to  the  nodal  point  straight 
lines  from  the  extremities  of  the  object,  and  its  size  is  directly  proportional 
to  that  of  the  latter,  and  inversely  as  its  distance.     The  larger  the  object 
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and  the  shorter  its  distance,  the  larger  is  the  visual  angle,  and  vice  versa. 
Both  the  object  and  its  retinal  image  subtend  equal  angles  at  the  nodal 
point,  but,  as  in  an  ordinary  camera,  the  image  is  inverted. 

The  Retinal  Image.— The  size  of  the  image  depends  on  the  visual  angle, 
so  that  we  have  this  proportion:  as  the  distance  of  object  is  to  the  size  of 
object,  so  is  15  mm.  to  the  size  of  the  retinal  image,  where  15  mm.  is  the 
generally  accepted  distance  from  nodal  point  to  retina.  The  size  and  dis- 
tance of  the  object  may  be  expressed  in  any  terms,  provided  they  are  the 


YiG,  12. — Showing  Constkuction  of  the  Eetinal  Image. 

AB  is  the  object,  and  B'A'  the  inverted  retinal  image.     N  is  nodal  point,  and 
ANB=B'NA'  is  the  visual  angle. 

same  and  the  size  of  the  image  is  then  in  mm.;  the  distance  of  the  object 
is  taken  to  be  from  the  nodal  point  of  the  eye.  Thus,  suppose  an  object 
2  yards  in  diameter  be  situated  30  yards  from  the  eye,  then  the  size  of  the 
retinal  image  is — 

The  size  of  the  retinal  image  of  a  given  object  varies  in  different  eyes, 
independently  of  the  angle  under  which  it  is  formed.  It  is  governed  by  the 
distance  between  the  nodal  point  and  the  retina^that  is,  it  depends  on  the 
distance  which  the  axial  rays  have  diverged  from  each  other,  on  departure 
from  the  nodal  point,  when  they  reach  the  fundus.  The  retina  is  further 
from  the  nodal  point  in  M.,  and  nearer  in  H.,  so  that  the  myope  sees  things 
relatively  large  and  the  hypermetrope  relatively  small  (vide  Chap.  XXL). 
In  the  calculation  for  the  retinal  image  in  a  myopic  or  hypermetropic  eye  a 
greater  or  smaller  value,  therefore,  must  be  taken  for  the  distance  between 
the  nodal  point  and  retina.  Thus,  for  the  same  size  and  distance  of  the 
object  as  in  the  example  given,  if  the  distance  between  the  nodal  point  and 
the  retina  were  13  mm.- — 

T     2  X  13      _^ 

1=  — - —  =-866  mm. 
30 

This  method  of  calculating  holds  good,  however,  only  if  the  retinal  image 
is  sharp,  as  explained  in  Chap.  XXL 

Visual  Requisites. — The  requisites  for  clear  vision  are  transparency  of 
the  media,  receptive  faculty  of  the  retina,  transmissive  faculty  of  the  optic 
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nerve,  and  perceptive  or  psychic  faculty  of  the  brain.     In  addition,  there 
are  three  others  with  which  the  optician  is  more  closely  concerned,  namely — ■ 

Refraction,  or  the  power  of  the  eye  to  bring  light,  diverging  from  distant 
objects,  to  a  focus  at  the  retina. 

Accommodation,  or  the  auxiliary  refracting  power  of  the  eye  required 
for  bringing  light,  diverging  from  near  objects,  to  a  focus  at  the  retina. 

Convergence,  or  the  action  of  the  internal  recti,  by  means  of  which  the 
visual  axes  are  directed  to  the  same  object,  so  that  single  vision  may  obtain 
over  a  large  range  of  distance. 

Static  and  Dynamic  Refraction. — The  static  refraction  is  that  of  the  whole 
eye  when  accommodation  is  at  rest.  The  dynamic  refraction  is  that  derived 
from  accommodation.  The  two  combined  constitute  the  total  refracting 
power  of  the  eye — i.e.,  total— static  +  dynamic. 

Accommodation.— In  order  that  the  eye  may  have  a  sharp  retinal  image 
for  varying  distances  of  the  object  viewed,  it  must  possess  some  means  of 
counteracting  the  change  in  the  distance  of  the  image  caused  by  the  change 
in  the  divergence  of  the  incident  light.  This  power  is  termed  accommodation, 
and  can  be  brought  about  theoretically  in  three  ways : 

1.  By  increase  and  decrease  in  curvature  of  the  crystalline  lens. 

2.  By  increase  and  decrease  in  the  curvature  of  the  cornea. 

3.  By  elongation  and  shortening  of  the  globe,  as  in  a  camera. 

Other  theories,  such  as  advance  of  the  crystalline,  contraction  of  the 
pupil,  astigmatic  refraction,  have  been  formulated,  but  all,  except  No.  1, 
have  been  disproved.  The  keratometer  shows  that  there  is  no  change  in 
the  size  or  position  of  corneal  images  during  accommodation.  No.  3  probably 
originated  in  the  discovery  that  myopia  was  due  to  increased  length  of  the 
globe.  Accommodation  cannot  be  caused  by  an  advance  of  the  crystalline 
as  a  whole,  since  the  utmost  possible  movement  towards  the  cornea  would 
not  result  in  anything  like  the  increase  of  power  equal  to  the  average  ampli- 
tude; also  the  posterior  surface  of  the  lens  is  known  to  be  in  firm  contact 
with  the  vitreous  under  all  conditions.  Contraction  of  the  pupil  is  not  suffi- 
cient to  reduce  the  circles  of  confusion  to  anything  approaching  point  foci, 
and  accommodative  effort  is  unaffected  in  aniridia  (absence  of  the  iris)  and 
iridectomies. 

There  is  only  one  accepted  theory  of  Ac,  namely,  change  of  curvature  of 
the  crystalline  lens.  This  has  been  proved  by  the  experiments  of  Young, 
Helmholtz,  Cramer,  Purkinje,  Tscherning,  and  others.  It  was  observed  by 
Purkinje  that  the  catoptric  images  formed  by  reflection  from  the  surfaces 
of  the  crystalline  underwent  changes  both  as  to  position  and  size  when  Ac. 
was  brought  into  play.  These  changes,  almost  entirely  confined  to  the 
anterior  surface,  conclusively  prove  that'  an  alteration  in  curvature  takes 
place,  and  no  other  proof  than  this  is  really  necessary.     However,  we  also 
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know  that  in  aphakia  complete  loss  of  accommodative  power  accompanies 
loss  of  the  crystalline. 

It  being  recognized  that  Ac.  does  result  from  change  in  curvature  of  the 
crystalline  lens,  there  have  been  several  theories  advanced  as  to  how  this 
change  takes  place,  the  two  principal  theories  being  those  of  Helmholtz 
and  Tscherning.  The  theory  of  Helmholtz  is  generally  accepted,  but  that 
of  Tscherning  seems  better  to  account  for  the  distinct  sense  of  effort  which 
results  in  sustained  Ac,  Ac.  for  the  P.P.,  and  in  presbyopia.  Possibly 
what  really  does  occur  to  the  crystalline,  when  Ac.  takes  place,  remains  to  be 
discovered. 

Helmholtz  Theory. — According  to  Helmholtz,  the  crystalline  lens,  with 
the  eye  in  a  state  of  rest,  is  flattened  to  its  minimum  curvature  by  the  con- 
stant traction  of  the  ligament,  whose  natural  condition  is  one  of  tension. 
During  accommodation,  Miiller's  ring  and  the  ciliary  muscle,  which  is  firmly 
attached  to  the  sclero-corneal  margin,  contract  and  draw  forward  the  pro- 
cesses and  the  periphery  of  the  choroid  with  which  the  suspensory  ligament 


as. 

Fig.  13. — Diagkammatic  Hoeizontal  Section,  showikg  Pakts  of  the  Eye 
connected  with  accommodation. 

The  dotted  line  shows  the  form  of  the  crystalline  according  to  Helmholtz  and  the  position 
of  the  iris  during  accommodation. 

Cm,  ciliary  muscle;  SI,  suspensory  ligament;  r,  Miiller's  ring;  Os,  ora  serrata. 

is  connected.  The  latter,  therefore,  relaxes  its  tension  on  the  anterior 
capsule,  and  the  lens,  by  reason  of  its  own  resiliency,  bulges  forward.  On 
relaxation  of  accommodation  the  ligament  returns  to  its  original  state  of 
tension,  and  the  lens  is  again  compressed  to  its  minimum  curvature. 

Thus  there  is  a  state  of  balance  between  the  tension  of  the  ligament  and 
the  resiliency  of  the  crystalline,  the  former  predominating  until  its  force  is 
more  or  less  overcome  by  the  ciliary  muscle. 

Fig.  14  represents  diagrammatically  the  form  of  the  lens  according  to 
Helmholtz.  It  should  be  compared  with  the  corresponding  sketch  (Fig.  15) 
of  the  shape  of  the  lens  according  to  Tscherning. 
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Tscherning  Theory. — Tscherning  supposes  that  the  increase  in  curvature 
is  obtained,  not  by  a  relaxation,  but  by  a  direct  traction  of  the  ligament  on 
the  periphery  of  the  lens.  He  supposes  contraction  of  the  ciliary  muscle  on 
itself  so  that  the  posterior  extremity  of  the  ciliary  body  is  advanced  and  the 
anterior  is  receded.  This  contraction  causes  a  sustaining  pressure  on  the 
vitreous  and  on  the  posterior  surface  of  the  lens,  simultaneously  with  tension 
exerted,  through  the  medium  of  the  ligament,  on  the  front  surface  of  the  lens. 


Fig.  14. — Helmholtz  Theory. 

Lens  Unaccommodated,  Ligament  Lens  Accommodated,  Ligament 

Stretched.  Relaxed. 

The  latter  then  becomes  flattened  at  the  periphery,  while  the  central  portion 
is  increased  in  curvature  owing  to  the  resistance  of  the  dense  nucleus.  Ac- 
commodation is,  therefore,  efiected  by  a  forcible  distortion  of  the  lens,  giving 
to  the  anterior  surface  a  curve  approximating  to  a  hyperboloid  of  revolution. 
Regarding  the  crystalline  optical  system  as  one  consisting  of  a  nuclear  strong 
convex  lens,  whose  power  is  reduced  by  the  two  cortical  concave  menisci, 
the  action  of  accommodation,  according  to  the  Tscherning  theory,  is  produced 


Fig.  15. — Tscherning  Theory. 

Lens  Unaccommodated,  Ligament  Lens  Accommodated,  Ligament 

Relaxed.  Stretched. 

by  an  alteration  in  the  form  of  the  anterior  meniscus,  whereby  it  becomes 
less  concave,  afocal,  or  even  convex  in  nature.  Fig.  15  gives  a  diagrammatic 
view  of  the  alteration  in  shape  supposed  to  be  undergone  by  the  crystalline. 

The  radii  of  curvature  of  the  crystalline  being  10  mm.  and  6  mm.  for  the 
front  and  back  surfaces  respectively,  and,  assuming  the  posterior  radius  to 
be  unchanged  in  Ac,  the  anterior  radius  would  have  to  diminish  from  10  to 
6  mm.  to  give  a  near  point  of  about  140  mm.  calculated  on  the  ordinary 
schematic  eye. 
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Owing  to  sympathetic  action  between  the  sphincter  ciliaris  and  sphincter 
iridis,  the  pupil  markedly  contracts  during  accommodation,  the  central 
portion  of  the  iris  apparently  advancing,  and  the  edges  near  the  sclero- 
corneal  margin  somewhat  receding.  This  contraction  may  be  necessitated 
by  the  slightly  increased  intensity  of  illumination  from  near  objects,  but  it 
is  more  probably  necessitated  by  increased  aberration. 

The  Catoptric  or  Purkinje's  Test. — This  is  sometimes  referred  to  as  the 
Sansom-Purkinje's  test,  and  must  not  be  confused  with  Purkinje's  images 
described  later  on. 

Viewed  externally,  both  the  cornea  and  anterior  surface  of  the  lens  act 
as  convex  mirrors,  and  the  posterior  surface  as  a  concave.  Now,  the  size  and 
distance  of  the  image  from  the  vertex  of  a  mirror  is  directly  proportional 
to  its  radius  of  curvature.  If,  therefore,  the  radius  diminishes,  the  curva- 
ture and  power  increase,  and  the  reflected  image  diminishes  in  size  and 
approaches  the  vertex. 


Fig.  1G. 


In  Fig.  16  let  M  represent  the  front  surface  of  the  crystalline  of  given 
curvature  and  M'  be  the  same  during  accommodation;  let  0  be  a  luminous 
object  situated  on  one  side  of  the  optic  axis.  Then  the  image  formed  by 
M  is  I^,  on  the  secondary  axis  OC-^.  In  the  "  accommodated  "  mirror  M', 
the  corresponding  image  is  I^,  which  is  smaller  and  situated  on  the  secondary 
axis  OCg,  where  C^  is  the  new  centre  of  curvature.  I^  and  I^^  are  situated 
practically  at  the  principal  focus  of  the  mirrors  M  and  M'  respectively,  or 
about  half-way  between  the  centre  of  curvature  and  the  vertex.  Therefore, 
to  an  eye  E,  placed  on  the  opposite  side  of  the  axis  to  the  object  0,  the  re- 
flected image  during  accommodation  will  be  seen  to  move  from  I^  to  /o,  and 
the  projections  of  these  on  the  surface  are  represented  byP^  andPg. 

If  a  flame  be  held  about  45°  on  the  one  side  of  the  optic  axis  of  a  living 
eye,  and  the  observer's  eye  be  at  an  equal  angle  on  the  other  side,  there  can 
be  seen  in  the  observed  eye  at  rest — (1)  a  bright  virtual  image  of  the  flame 
reflected  from  the  cornea  acting  as  a  convex  mirror;  (2)  behind  the  first  a 
.second  virtual  image  reflected  from  the  front  surface  of  the  crystalline,  also 
acting  as  a  convex  mirror,  this  image  being  rather  larger,  more  difiused  than 
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No.  1,  and  difficult  to  see;  (3)  a  very  small  real  image  reflected  from  the 
back  of  the  crystalline  acting  as  a  concave  mirror. 

When  the  observed  eye  accommodates,  the  second  image  becomes  smaller, 
clearer,  and  advances  sideways  towards  the  centre  of  the  pupil,  thus  showing 
that  the  front  surface  of  the  crystalline  has  become  more  convex.  Images 
1  and  3  do  not  change,  indicating  that  the  other  surfaces  are  not  affected  by 
accommodation.  As  No.  2  is  difficult  to  see,  the  candle  should  be  moved 
about  until  the  clearest  image  is  obtained. 


The  Motor  Muscles  and  their  Actions. 

The  External  Muscles  of  the  eye,  by  means  of  which  the  globe  is  rotated, 
are  six  in  number — the  four  recti  and  the  two  obliques — -as  described  in 
Chapter  I.  By  their  aid  the  eye  can,  within  certain  limits,  rotate  or  make 
excursions  in  every  direction. 

Rotation  of  the  Eye. — The  six  motor  muscles  constitute  three  pairs,  in 
each  of  which  the  one  muscle  acts  antagonistically  to  the  other ;  the  first  pair 
is  completely  and  the  second  and  third  pairs  partially  antagonistic. 

The  first  pair  consists  of  the  external  rectus,  which  turns  the  front  of  the 
eye  out,  and  the  internal  rectus,  which  turns  it  in.  Thus,  for  example,  if 
the  eye  is  directed  outwards,  the  external  rectus  contracts,  and  at  the  same 
time  the  internal  rectus  relaxes.  These  are  referred  to  as  the  horizontal 
recti. 

The  second  pair  consists  of  the  superior  rectus,  which  turns  the  front 
of  the  eye  up  and  slightly  in,  and  the  inferior  rectus,  which  turns  it  down  and 
slightly  in.     These  are  the  vertical  recti. 

The  third  pair  consists  of  the  superior  oblique,  which  turns  the  front  of 
the  eye  down  and  out,  and  the  inferior  oblique,  which  tm-ns  it  up  and  out. 
In  common  they  are  termed  the  obliques. 

Rotation  of  the  eyes  is  effected  in  a  series  of  short  jerks,  and  not  by  a 
continuous  movement,  unless  the  gaze  be  fixed  on  a  moving  object,  when 
they  move  in  a  steady  sweep  or,  anyhow,  the  jerky  movements  are  not  then 
appreciable. 

Pair.  Muscle.  Action  on  the  Eye. 

-p.    ,  f  Internal  rectus  Directly  inwards 

^''■'^  \  External  rectus  I         Directly  out-n-ards. 

^  ,  /Superior  rectus  Upwards  and  slightly  inwards 

'-^'^°  V  Inferior  rectus  Downwards  and  slightly  inwards 

m,  .   ,  f  Superior  oblique  '         Do^vn wards  and  outwards 

\  Inferior  oblique  Upwards  and  outwards 

These  directions  refer  to  the  front  of  the  eye;  the  macula  in  each  case 
turns  in  the  opposite  direction. 

When  a  rectus  contracts,  the  front  of  the  globe  turns  towards  the  con- 
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tracted  muscle,  and  the  name  of  the  muscle  which  acts  indicates  the  direction 
towards  which,  externally,  the  visual  axis  is  turned.  When  an  oblique 
contracts,  it  is  the  back  of  the  eye  which  is  primarily  acted  on,  so  that  the 
front  of  the  globe  rotates  in  a  direction  contrary  to  the  name  of  the  muscle. 

Axes  of  Rotation. — There  are  three  principal  axes  of  rotation — 

The  vertical  axis,  around  which  the  eye  is  rotated  by  the  horizontal  recti, 

is  perpendicular  to  the  horizontal  plane  of  the  eye  (Fig.  17)  and  passes  through 

R  the  centre  of  rotation. 


Fig.  17. 


-Diagram  showing  the  Axes  of  Rotation,  and  CD,  the  Axis  of 
THE  Orbit  of  a  Left  Eye. 


The  transverse  axis,  GH,  around  which  the  eye  is  rotated  by  the  vertical 
recti,  lies  in  the  horizontal  plane,  and  forms,  with  the  optic  axis,  an  angle  of 
about  70°,  being  inclined  forward  on  the  nasal,  and  backwards  on  the  tem- 
poral, side  from  the  true  horizontal  axis,  being  about  20°  therefrom. 

The  oblique,  or  fore  anJfaft  axis,  EF,  around  which  the  eye  is  rotated  by 
the  obliques,  lies  also  in  the  horizontal  plane,  and  forms,  with  the  optic 
axis,  an  angle  of  about  35°,  being  inclined  forwards  on  the  temporal,  and 
backwards  on  the  nasal,  side.  It  lies,  therefore,  some  55°  from  the  plane 
of  the  equator.  The  axes,  GH  and  EF,  are  nearly  at  right  angles  to  each 
other,  and  are  inclined  to  the  axes  of  symmetry  AB  and  QQ,  because  the 
vertical  recti  and  the  obliques  pass  obliquely  from  their  origins,  to  the  nasal 
side  of  the  globe,  to  their  attachments  to  the  sclerotic  on  the  temporal  side. 

Centre  of  Rotation. — The  three  axes  cross  each  other  at  R,  the  centre 
of  rotation  (or  centre  of  motion),  this  point  being  situated  on  the  optic  axis 
about  13-5  mm.  behind  the  cornea,  or  9  mm.  in  front  of  the  retina,  6  mm. 
behind  the  nodal  point,  and  therefore  about  2  mm.  behind  the  geometrical 
centre  of  the  globe.  Around  R  all  the  excursions  of  the  eye  take  place, 
it  being  the  one  stationary  point  of  the  globe.  The  centre  of  rotation  is 
presumed  to  be  situated  on  the  optic  axis,  but  that  it  lies  considerably  behind 
the  iris  can  be  demonstrated  by  the  experiment  of  Professor  Barrett. 
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Place  on  the  wall  a  vertical  strip  of  white  paper,  S  (Fig.  18),  occlude  one 
eye,  and  hold  a  card,  D,  close  to  the  other,  between  it  and  the  strip,  so  that 
D  just  hides  the  latter.  Then,  without  shifting  the  head,  move  the  eye  to 
fix  a  spot  about  2  yards  to  the  left,  when  the  paper  will  come  into  view. 
No  light  from  S  can  enter  the  eye  when  the  visual  axis  is  directed  to  V,  but 
when  it  is  rotated  around  C  to  V,  light  from  S  can  enter  the  pupil  and  form 
an  image  on  the  retina. 

If  we  take  the  centre  of  rotation  to  be  13-2  mm.  from  the  cornea,  6  mm. 
from  the  nodal  point  and  9  mm.  from  the  fovea,  we  find  that,  when  the  eye 
rotates,  the  angular  movement  of  all  three  is  the  same  but  that  the  actual 
movement  of  the  fovea  is  less  than  that  of  the  cornea  in  the  ratio  of  1  to  1-5, 
while  it  is  greater  than  that  of  the  nodal  point  in  the  ratio  of  1"5  to  1. 
Barrett's  experiment  shows  that  the  cornea  moves  through  a  greater  distance 
than  the  fovea, 

1^1 


Fia.  18. 

A  Cardinal  Motion  results  when  the  eye  is  rotated  directly  upwards, 
downwards,  or  laterally  from  the  primary  position.  Duction  is  rotation; 
whence  abduction  (abversion)  is  rotation  outwards;  adduction  (adversion) 
inwards;  dextroduction  to  the  right;  IcBvoduction  to  the  left;  stqjerduction 
(elevation)  upwards;  suhduction  (depression)  downwards. 

Translation,  or  displacement  of  the  eye,  occurs  whenever  it  is  rotated, 
owing  to  the  centre  of  motion  being  behind  the  centre  of  the  globe;  it  is, 
however,  very  small  and  therefore  unnoticeable. 

Primary  and  Secondary  Position. — -The  primary  position  is  that  of  an 
eye  when  all  the  muscles  are  at  rest,  and  normally  this  would  be  when  the 
eye  is  looking  straight  forward  at  a  distant  object.  Any  deviation  from  the 
•primary  is  a  secondary  position,  and  results  when  the  motor  muscles  are 
put  into  action.  The  direct  secondary  positions  are  indicated  by  the  direct 
actions  of  the  individual  muscles  on  the  globe;  intermediate  secondary 
positions  result  from  combined  action  of  two  or  more  muscles. 

When  the  eye  is  rotated  obliquely  in  any  direction,  the  motion  may  be 
regarded  as  the  resultant  of  two  cardinal  motions  and  the  resultant  action 
of  two  or  more  muscles.  Generally  two  recti  and  one  oblique  are  associated 
in  oblique  rotations.  There  is  no  single  muscle  which  can  cause  a  direct 
vertical  motion,  or  rotation  around  the  optic  or  visual  axis. 

Listing's  Law. — "  When  the  line  of  fixation  passes  from  its  primary  to  any 
other  position,  it  is  as  if  the  eye  had  arrived  at  this  position  by  turning  around 
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an  axis  "perpendicular  to  a  plane  containing  the  first  and  second  positions  of  the 
line  of  fixation.'' 

To  look,  say  obliquely,  upwards  and  outwards  at  a  certain  point,  the  eye 
could  be  turned  up  nearly  level  with  the  point  and  then  rotated  outwards 
until  the  visual  line  reached  it.  The  result  is  the  same  if  the  line  of  fixation 
be  directed  by  the  shortest  route  from  the  first  to  the  second  point — that 
is,  rotated  in  a  plane  containing  those  two  points,  round  an  axis  which  is  at 
right  angles  to  that  plane.  Motion  around  what  may  be  termed  a  Listing 
axis  is  achieved  by  the  combined  action  of  three  muscles.  The  time  occupied, 
and  the  actual  angular  movement,  for  elevation  or  depression,  are  less  when 
the  eye  is  turned  directly  in  an  oblique  direction  than  if  it  were  turned  first 
vertically  and  then  horizontally. 

Listing's  plane  is  a  vertical  transverse  jDlane  which  contains  vertical  and 
horizontal  axes  of  rotation,  and  therefore  also  a  centre  of  motion;  it  may  be 
considered  coincident  with  the  plane  of  the  equator.  Listing's  axes  are 
meridians  of  this  plane. 

Torsion. — True  voluntary  torsion,  or  rotation  around  the  optic  or  visual 
axis,  cannot  occur  for  the  reason  that  the  action  of  any  muscle  causes  the 
macula  to  move  contrary  to  the  corneal  vertex.  If,  however,  the  eye  be 
rotated  on  an  oblique  axis,  a  false  involuntary  torsion  occurs.  The  vertical 
meridian  of  the  eye  is  then  no  longer  perpendicular  to  the  plane  of  the 
horizon;  the  upper  and  lower  parts  of  the  cornea  turn,  the  one  towards,  and 
the  other  away  from,  the  nose. 

It  is  usual  to  refer  such  torsion  to  the  inclination  of  the  upper  part  of  the 
cornea ;  thus  intorsion  occurs  when  it  is  towards  the  nose ;  extorsion,  towards 
the  temple;  dextrotorsion,  towards  the  right,  as  when  looking  upwards  to 
the  right  or  downwards  to  the  left;  Icevotorsion,  towards  the  left,  as  when 
looking  upwards  to  the  left  or  downwards  to  the  right.  False  torsion  en- 
sues on  rotation  of  the  eye  around  an  imaginary  oblique  axis,  as  well  as 
on  rotation  around  the  axes  of  the  obliques  and  the  vertical  recti.  The 
torsion  produced  is  proportional  to  the  angle  through  which  the  eye  is 
rotated. 

Thus  the  muscles  can  cause  rotation  of  the  eye  around  a  vertical  or 
horizontal  axis,  or  around  one  intermediate  to  the  two,  but  not  around  an 
antero-posterior  axis;  that  is,  normally,  no  wheel-motion  of  the  meridians 
of  the  eye  is  possible.  Real  torsion,  or  rotation,  around  the  optic  or  visual 
axis,  could  be  effected  by  the  united  action  of,  say,  the  superior  rectus  and 
superior  oblique.  The  first  causes  superduction,  adduction,  and  intorsion; 
the  latter  causes  subduction,  abduction,  and  intorsion;  the  vertical  and 
horizontal  movements  are  neutralized,  and  intorsion  alone  remains.  Simi- 
larly, the  inferior  rectus  and  oblique  can  unitedly  cause  extorsion.  In  these 
cases  the  intermediate  axis,  before  referred  to,  would  correspond  to  the  antero- 
posterior axis  of  the  globe,  or,  rather,  to  the  visual  axis ;  these  pairs  of  muscles 
are,  however,  not  normally  associated. 
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Demonstration  of  Rotation  can  be  made  by  the  following  experiment: 
Let  an  orange  (Fig.  19)  represent  the  eye,  mark  a  point  for  the  pupil,  and 
draw  two  lines  AB  and  DE  to  represent  respectively  the  vertical  and  hori- 
zontal planes  of  the  eye.  Pass  a  hatpin  or  knitting-needle,  Pj-Pg'  through 
the  centre  C  horizontally,  and  parallel  to  AB,  and  another  P3P4  vertically 
and  parallel  to  DE.  If,  to  represent  the  eye  looking  directly  upwards  or 
downwards,  or  to  the  right  or  left,  the  orange  be  rotated  around  either  of 
these  pins,  there  is  no  torsion.  If  another  pin,  not  shown  in  the  diagram,  be 
passed  obliquely  through  G  in  the  horizontal  plane,  and  the  orange  rotated 
around  it,  the  horizontal  and  vertical  planes  AB  and  DE  become  obUque. 
The  same  occurs  if,  in  order  to  arrive  at  the  same  direction,  it  be  rotated 
first  around  the  horizontal  and  then  around  the  vertical  pin. 


Antagonistic  and  Associated  Muscles. — All  the  muscles  have  their  origins 
more  to  the  nasal  side  of  the  eye  than  their  insertions.  The  vertical  recti, 
being  inserted  into  the  sclerotic  in  front  of  the  equator,  therefore  cause  adduc- 
tion of  the  cornea,  and  the  two  obliques,  being  inserted  heJiind  the  equator, 
cause  abduction.  If  the  line  of  vision  is  to  be  raised  vertically,  the  superior 
rectus  alone  will  not  effect  it,  since  its  action  turns  the  eye  not  only  upwards, 
but  also  inwards,  and  intorts  it  as  well.  To  produce  direct  elevation  of  the 
eye  there  is  needed  also  the  inferior  oblique  which  has,  in  addition  to  that 
of  elevation,  abductive  and  extorsive  actions.  The  action  of  the  inferior 
oblique  neutralizes  the  adduction  and  intorsion  of  the  superior  rectus,  while 
it  assists  the  elevation,  so  that  the  two  combined  turn  the  eye  directly  up- 
wards. In  the  same  way  the  inferior  rectus,  in  addition  to  depressing  the 
eye,  causes  adduction  and  extorsion,  which  is  corrected  by  the  superior 
oblique  which  depresses,  abducts,  and  intorts;  the  two  combined  cause  the 
eye  to  be  rotated  vertically  downwards.  Hence  we  find  that  the  suj)erior 
rectus  and  inferior  oblique  are  associated  muscles  in  elevation,  but  other- 
wise antagonistic.  Similarly,  the  inferior  rectus  and  superior  oblique  are 
associated  in  depressing  the  eye,  but  are  otherwise  antagonistic.  Every 
muscle  must  have  an  opponent  to  allow  of  its  steady  and  direct  motion. 
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The  horizontal  recti  are  direct  opponents  to  each  other  liorizontally. 

The  vertical  recti  are  opponents  vertically. 

The  obliques  are  opponents  vertically. 

The  superior  rectus  and  inferior  oblique  are  opponents  laterally  and 

torsionally. 
The  inferior  rectus  and  superior  oblique  are  the  same. 
The  superior  rectus  and  superior  oblique  are  opponents  vertically  and 

laterally. 
The  inferior  rectus  and  inferior  oblique  are  the  same. 
The  internal  rectus  and  the  vertical  recti  are  associated  in  adduction. 
The  external  rectus  and  the  obliques  are  associated  in  abduction. 
The  superior  rectus  and  inferior  oblique  are  associated  in  superduction. 
The  inferior  rectus  and  superior  oblique  are  associated  in  subduction. 


ACTIONS  OF 

Muscles. 
Internal  rectus  \ 

Superior  rectus  ,■ 

Inferior  rectus  ) 

External  rectus  \ 

Superior  oblique  r 

Inferior  oblique  J 

Superior  rectus  ^ 

Interior  oblique  J 

Inferior  rectus  \ 

Superior  oblique  / 

Superior  rectus  \ 

Superior  oblique  / 

Inferior  rectus  \ 

Inferior  oblique  / 

Right  external  rectus 
Right  superior  oblique 
Riglit  inferior  oblique 
Left  internal  rectus 
Left  superior  rectus 
Left  inferior  rectus 
Left  external  rectus 
Left  superior  oblique 
Left  inferior  oblique 
Right  internal  rectus 
Right  superior  rectus 
Right  inferior  rectus 
Right  inferior  rectus 
Right  inferior  oblique 
Left  sujjerior  rectus 
Left  superior  oblique 
Left  inferior  rectus 
Left  inferior  oblique 
Right  superior  rectus 
Right  superior  oblique 


THE  MUSCLES. 


Action 
Adduction 

Abduction 

Sujierduction 
Subduction 
Intorsion 
Extorsion 

Dextroduction 


Lsevoduction 


Dextrotorsion 


Lsevotorsion 


Associated  action  also  takes  place  between  the  muscles  of  the  lids  and  the 
vertical  recti  whereby  the  same  portion  of  the  globes  is  always  covered 
by  the  upper  lids  as  the  eyes  are  raised  or  lowered.     In  addition  there  are 
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further  associated  actions,  as  between  the  internal  recti  and  the  ciliary 
muscle  in  Ac.  and  Con.,  and  between  the  ciliary  and  the  sphincter  of  the  iris. 
Also  there  would  appear  to  be  one  between  the  inferior  recti  and  the 
accommodative  apparatus,  in  that  Ac.  seems  easier  when  the  eyes  are 
depressed. 

Monocular  and  Binocular  Vision. — Vision  of  each  eye  alone  is  monocular, 
that  of  both  eyes  is  binocular.  Binocular  vision  may  be  single  and  simul- 
taneous, in  which  a  single  combined  image  results  from  the  retinal  impressions 
of  the  two  eyes;  it  may  be  double,  in  which  two  images  result;  or  it  may  be 
alternating,  in  which  there  is  single  vision,  because  each  eye  alone  alternately 
sees  at  a  given  moment;  unless  otherwise  indicated,  binocular  vision  means 
single  simultaneous  vision.  An  object,  in  binocular  vision,  is  always  seen 
more  clearly,  apparently  larger,  and  in  stereoscopic  relief,  if  near  enough. 

Fixation  and  Fusion. — The  point  of  fixation  is  that  to  which  the  visual 
axis  is  directed,  and  on  which  the  mind  is  fixed;  its  image  is  at  the  fovea, 
and,  if  binocular  vision  is  single,  it  is  at  the  fovea  of  each  eye.  The  double 
stimulation  is  then  united  into  a  single  mental  impression,  and  the  two  ocular 
images  are  said  to  he  fused.  Fusion  is  the  more  perfect  if  the  two  eyes  have 
equal  vision,  and  may  become  difficult,  or  even  impossible,  if  they  have  not. 

The  Visual  Axes. — When  the  muscles  are  at  rest,  the  visual  axes  are 
normally  directed  to  the  same  point  at  infinity.  They  are  then  presumed 
to  be  parallel,  although  actually  they  are  very  slightly  convergent,  for  if  they 
were  not,  a  small  distant  object  would  not  be  seen  singly. 

Yoked  Muscular  Actions. — Combined  action  of  the  muscles  of  the  two 
eyes  is  termed  yoked  or  conjugate.  Thus,  if  the  two  eyes  are  turned  to  the 
right,  the  external  rectus  of  the  right  eye  is  yoked  with  the  internal  rectus 
of  the  left.  There  is  a  yoked  action  of  the  two  superior  recti  when  looking 
upwards,  of  the  two  inferior  recti  when  looking  downwards,  of  the  one 
internal  and  the  other  external  rectus  when  looking  sideways,  of  the  two 
internal  recti  when  convergence  is  in  force. 

If  an  object  A  in  the  median  line  is  fixed  and  another  object  B,  in  the 
same  plane,  is  seen  indirectly  and  then  the  eyes  are  rotated  to  fix  B,  both 
eyes  are  presumed  to  rotate  through  the  same  angle.  This  however  is  not 
the  case ;  the  eye  nearer  to  B  rotates  through  a  larger  angle  and  this  probably 
accounts  for  the  slight  apparent  movement  of  B  before  it  is  clearly  seen. 
Nor  does  it  appear  that  either  eye  rotates  through  precisely  the  same  angle 
as  AB,  as  a  whole,  subtends  at  the  nodal  point  of  either  eye,  when  the  lines 
of  fixation  pass  from  A  to  B . 

Convergence. — In  order  to  see  singly  a  near  object,  the  two  internal 
recti  must  contract,  and  the  eyes  turn  inwards,  then  the  visual  axis  of  each 
eye  is  directed  towards  the  object,  and  its  image  is  formed  on  both  maculae; 
if  convergence  does  not  occur,  either  one  eye  only  sees  the  object,  or  the 
latter  is  seen  double.  Convergence  is  the  most  important  of  the  yoked 
actions,  and  is  independent  of,  and  can  be  exerted  with,  any  of  the  others. 
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The  eyes  cannot  simultaneously  be  turned  outwards  by  the  external  recti, 
so  that  voluntary  divergence  beyond  parallelism  of  the  visual  axes  is  im- 
possible, although  divergence  may  result  as  an  abnormality.  It  can,  how- 
ever, be  efiected  to  a  limited  extent,  say  2°  each  eye,  by  most  people  under 
the  influence  of  a  desire  for  fusion  of  the  projected  images;  special  stimulation 
is  needed,  as  by  presenting  similar  objects  to  the  eyes  or  by  prisms  base 
in.  Although  the  eyes  cannot  be  diverged  by  a  voluntary  action  of  the 
external  recti,  yet  when  the  six  motor  muscles  of  each  are  completely  relaxed 
and  at  rest,  as  when  the  eyes  are  closed  in  sleep,  the  visual  axes  do  usually 
diverge.  This  means  that  most  people  exert  slight  convergence  in  order  to 
see  singly  a  distant  object,  the  primary  position  being  one  of  divergence. 
Thus,  when  the  eyes  are  open,  and  when  they  are  closed,  the  term  "  at  rest  " 
has  a  different  significance. 

It  is  very  much  easier  to  converge  the  eyes  when  they  are  also  depressed, 
while  it  is  difficult  to  do  so  when  the  point  of  fusion  lies  immediately  in  front 
of  the  eyes  and,  still  more  so,  when  the  latter  are  elevated.  This  seems  to 
be  the  result  of  habit  for  any  influence  of  the  inferior  recti  would  be  equally 
applicable  to  the  superior.  When  the  two  eyes  are  converged  for  a  given 
near  object,  and  there  is  a  certain  distance  (a)  between  the  two  centres  of 
rotation,  there  is  a  greater  distance  (6)  between  the  maculae,  a  shorter  dis- 
tance (c)  between  the  nodal  points  and  a  still  shorter  one  [d)  between  the 
points  on  the  cornese  where  the  visual  axes  emerge.  On  converging  for  a 
still  nearer  object  (a)  remains  the  same,  (6)  increases,  while  (c)  and  {d)  de- 
crease; the  contrary  except  {a)  occurring  when  a  more  distant  object  is 
viewed. 

Combined  Muscular  Actions.- — As  already  stated,  when  the  eyes  turn  in 
any  direction,  there  are  fairly  complicated  associated  and  yoked  actions  of 
certain  muscles.  For  instance,  the  two  superior  recti  are  yoked  when  the 
eyes  look  upwards,  but,  at  the  same  time,  other  muscles  acting  in  association 
are  stimulated ;  thus  the  two  inferior  obliques  must  act  to  prevent  the  eyes 
from  turning  in.  If  the  eyes  are  turned  to  the  left  as  well  as  upwards,  the 
external  of  the  left  and  internal  rectus  of  the  right  are  also  yoked  and  besides  " 
these,  other  muscles  would  be  partially  associated  in  elevation,  Isevoduction, 
and  Isevotorsion,  so  that  fusion  of  the  images  may  occur  as  perfectly  as 
possible. 

Relationship  between  Accommodation  and  Convergence. — There  is  an 
inherent  connection  between  these  two  functions.  Normal  eyes  exert  neither 
for  vision  at  oo,  and  exert  equal  quantities  of  each  for  any  near  distance. 
There  is  so  intimate  a  connection  between  the  two  that  it  is  difficult  for  the 
one  to  be  brought  into  action  without  the  other,  and,  conversely,  it  is  easier 
for  either  when  the  other  is  also  stimulated.  Nevertheless,  this  connection 
between  the  two  functions  can  be  severed  voluntarily  or  mechanically. 
Thus  Co.  lenses,  which  cause  increased  Ac,  or  Cx.  lenses,  which  lower  Ac, 
may  be  seen  through  clearly  without  necessarily  affecting  Con.     Prisms 
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base  in  reduce  Con.;  prisms  base  out  increase  it;  but  these  can  be  employed 
without  Ac.  of  necessity  being  reduced  or  increased.  One  can  learn  to 
accommodate  for  a  near  object,  and  then  relax  Con.  to  parallelism,  or  even 
divergence,  while  still  maintaining  Ac.  One  can  similarly  learn  to  accom- 
modate for  a  distant  object  and  converge  for  a  nearer  one.  Certain  condi- 
tions of  muscular  imbalance  and  refractive  conditions  render  these  experi- 
ments either  easier,  or  more  difficult,  or  even  impossible  to  achieve. 

Con.  is  exerted  when  the  eyes  accommodate  for  a  near  object,  but  not 
usually  to  so  great  an  extent  if  the  one  eye  only  fixes  it.  If  a  small  object 
in  the  median  plane  be  viewed  at  the  reading  distance,  and  the  one  eye  be 
alternately  and  rapidly  occluded  and  uncovered,  binocular  vision  is  not 
affected.  If,  however,  the  one  eye  be  occluded  for  several  seconds  and  then 
uncovered,  two  images  are  seen,  and  these  move  quickly  towards  each  other 
until  fused;  this  occurs  because  full  Con.  is  not  exerted  until  the  two  eyes 
fix.  Usually  the  images  are  crossed,  as  divergence  of  the  eyes  occurs  when 
fusion  by  convergence  is  not  in  force. 


CHAPTER  III 
VISION 

The  Sense  of  Sight. — The  eye  is  said  to  be  the  first  sense  organ  developed 
in  the  embryo.  After  touch  it  is  also  the  most  universally  distributed  sense, 
existing,  except  in  the  very  lowest  forms  of  life,  throughout  the  animal 
kingdom.  Sight  is  the  chief  factor  in  the  education  and  intellectual  develop- 
ment of  man;  by  its  aid  the  form,  colour,  size,  distance,  position,  and  charac- 
teristic details  of  objects  become  known.  The  mental  process  of  projecting 
upright  images  from  inverted  retinal  images  is  natural,  it  being  apparently 
present  in  earliest  infancy,  and  the  faculty  is  never  lost  unless,  indeed,  sight 
itself  is  lost. 

The  sense  of  sight  lies,  not  in  the  eye,  but  in  the  brain.  The  retinal 
stimulus  is  interpreted  in  the  form  of  a  projected  virtual  mental  image  of 
the  object,  the  sensation,  excited  by  the  impingement  of  the  light  rays  on 
the  retina,  having  been  communicated  to  the  brain  by  means  of  the  fibres 
of  the  optic  nerve.  From  experience  and  education  the  rays  are  referred 
back  to  a  distance  closely  coinciding  with  that  which  they  travelled  before 
entering  the  eye.  Thus  the  projected  mental  image  usually  corresponds  in 
every  respect — in  position,  distance,  size,  etc. — with  the  object  viewed.  It 
is  not  the  object,  but  the  mental  picture,  that  is  seen,  although  it  is  commonly 
said  that  one  sees  the  object  itself,  and  this  is  certainly  the  most  convenient 
way  of  expressing  the  phenomenon  of  vision. 

Faculty  of  the  Retina. — The  retina  has  a  receptive  faculty ;  it  does  not  see, 
but  merely  receives  the  impression  from  which  the  mental  appreciation  of  an 
external  object  results.  Sight  is  a  faculty  of  the  brain,  but,  since  clearness 
of  vision  is  directly  proportional  to  tlie  number  of  cones  existent  in  that 
part  of  the  retina  on  which  the  image  is  formed,  it  is  customary  to  refer  to 
the  'perceptive  faculty  of  the  retina. 

The  Optic  Nerve. — The  optic  nerve  is  incapable  of  conveying  any  sensa- 
tion other  than  that  of  light.  If  it  be  touched  or  injured,  nothing  but  the 
sensation  of  a  flash  of  light  results. 

The  optic  nerves,  after  passing  through  apertures  at  the  back  of  their 
corresponding  orbits,  meet  each  other  at  the  chiasma  in  the  median  plane 
immediately  beneath  the  brain,  and  many  of  the  fibres  cross  (decussate)  over 
to  the  opposite  nerve,  so  that  after  meeting,  each  is  composed  partly  of  its 
own  fibres  and  partly  of  the  fibres  of  the  opposite  nerve.  The  bundles  of 
fibres,  now  termed  optic  tracts,  proceed  thence  to  the  brain  (Fig.  20). 
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The  cerebral  ends  of  the  nerve  fibres  do  not  seem  to  be  arranged  in  regular 
order,  as  are  their  other  ends  at  the  retina,  but  apparently  this  does  not 
interfere  with  the  formation  of  a  correct  mental  picture  of  an  external  object 
Each  retinal  terminal  receives  a  stimulus  from  its  corresponding  point  on 
the  object,  such  stimulus  being  then  transmitted  to  the  brain  cell  at  the 
other  end  of  the  fibre ;  this  being  done,  the  individual  sensations  are  assigned 
their  correct  position  in  the  mental  picture.  The  exact  process  of  mental 
interpretation  is,  however,  unknown,  and  when  the  light  wave  reaches  the 
retina  our  knowledge  with  regard  to  vision  ceases.  We  do  not  know  the 
nature  of  the  force  which  conveys  the  sensation,  nor  can  we  assign  their 
respective  functions  to  the  known  centres  of  vision.     We  might  regard  the 


Fig.  20. — Diagram  illusteatikg  the  Course  of  the  Fibres  of  the  Optic  Nerves 
FROM  the  Eyes  to  the  Brain. 

The  fibres  belonging  to  the  nasal  half  of  the  fundus  cross  over,  at  the  chiasma,  to  the 
opposite  hemisphere  of  the  brain.  The  fibres  which  are  distributed  over  the  temporal 
half  of  each  eye  are  confined  to  its  corresponding  side  of  the  brain.  Thus  the  right 
halves  of  the  two  visual  fields  go  to  the  right  hemisphere,  while  the  two  left  halves 
pass  to  the  left. 

N,  Nasal;  T,  temporal;  X,  chiasma;  MM,  maculae. 

mental  eye  as  consisting  of  the  two  eyes  in  Fig.  20  combined  with  M  in  the 
centre  and  the  two  sides  being  right  and  left  respectively  (vide  the  Mcnkil 
Eye). 

Divisions  of  Visual  Perception. — The  sense  of  sight  may  be  divided  into 
t^.ree  classes  of  perception,  viz.,  light,  form,  and  colour. 

The  light  sense  is  the  faculty  of  distinguishing  illumination  and  its  gradu- 
ations of  intensity.  The  distinction  between  light  and  darkness  is  the  lowest 
degree  of  this  faculty,  and  if  it  be  absent  there  is  complete  blindness  (vide 
Visual  Threshold);  on  the  light  sense  depends  the  power  of  the  retina  to 
adapt  itself  to  various  degrees  of  illumination.  It  forms  the  only  visual 
sense  in  many  of  the  lower  forms  of  animal  life. 
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The  form  sense  is  the  faculty  of  recognizing  outline  or  shape;  it  requires 
a  transparent  refracting  body  to  collect  the  light  and  form  a  real  image, 
a  conducting  apparatus  and  a  sensory  organ. 

The  colour  sense  is  the  highest  development  of  vision,  and  enables  the 
eye  to  appreciate  light  waves  of  different  frequencies. 

In  general,  of  course,  all  three  divisions  of  visual  perception  are  present; 
but  the  second  or  third,  or  both,  or  even  all  three  may  be  lacking  in  a  par- 
ticular case. 

Visual  Projection. — The  mental  projection  of  each  point  of  the  image  is 
outwards  through  the  nodal  point,  in  the  direction  of  the  axial  ray  of  the 
incident  beam  of  light  producing  that  point  in  the  retinal  image. 

For  example,  in  Fig.  21,  let  iV  be  the  nodal  point  of  an  eye,  and  suppose 
some  point  A  on  the  retina  be  stimulated  by  pressure  through  the  sclerotic; 
a  manifestation,  called  a  phosphene,  is  immediately  projected  into  space 
through  N  in  the  direction  A'.  Or  supposed  to  be  an  opacity  in  the  vitreous 
casting  a  shadow  b  on  the  retina;  the  mental  image  of  the  shadow  is  pro- 


A 


B- 


FiG.  21. 

jected  toward  B'.  Lastly,  suppose  a  very  oblique  pencil  of  light,  R,  be 
incident  such  that  no  entering  ray  at  all  can  pass  through  N.  Notwith- 
standing, the  retinal  image  r  is  projected  through  N  towards  R',  which 
may  not  be  in  the  true  direction  of  the  object  at  all. 

The  position  of  the  brain  image,  in  space,  is  formed  according  to  the 
particular  part  of  the  retina  on  which  light  falls,  and  not  according  to  the 
original  direction  of  the  light.  Thus,  if  the  retinal  image  be  formed  by  rays 
reflected  from  a  plane  mirror,  the  brain  picture  is  conceived  to  be  behind 
the  mirror,  at  the  same  distance  from  its  surface  as  the  object  itself  is  in 
front  of  it.  One  can  see  in  a  mirror  (and  therefore  in  front  of  him)  the  images 
of  objects  actually  situated  behind  his  back,  for  the  rays,  having  entered 
the  eye  from  the  face  of  the  mirror,  are  mentally  projected  in  that  direction. 

If  the  retinal  image  be  formed  by  rays  refracted  by  a.  prism,  the  object 
appears  shifted  towards  the  edge,  because  the  rays,  after  refraction,  being 
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turned  towards  the  base,  enter  the  eye  as  if  they  came  from  an  object  situ- 
ated in  a  position  nearer  the  edge,  and  are  mentally  referred  back  accordingly. 
Again,  an  object  viewed  through  a  convex  or  concave  lens  is  seen  respec- 
tively larger  or  smaller,  the  light  diverging  from  each  object  point  being, 
in  the  first  case,  less  divergent  after  refraction  and  therefore  projected  to 
a  greater  distance;  and,  in  the  second  case,  more  divergent  and  therefore 
projected  to  a  shorter  distance.  When  the  image  and  object  do  not  corre- 
spond in  position  the  image  is  said  to  be  seen.  When  they  do  correspond 
the  object  is  said  to  be  seen. 

The  faculty  of  visual  projection  is  inherent,  although,  with  respect  to 
distance,  it  appears  to  be  acquired.  A  baby  obviously  makes  mistakes  in 
the  distance  of  an  object  he  wishes  to  grasp  and  a  person  who  sees  things 
under  new  conditions,  as  through  lenses  for  the  first  time,  may  misjudge  the 
distance  of  an  object,  but  he  will  never  conceive  it  as  upside  down  or  dis- 
placed laterally.  One  who  is  in  the  habit  of  seeing  things  under  certain 
conditions  judges  much  better  their  distance  than  one  to  whom  such  con- 
ditions are  new.  We  can  obtain  inversion  by  viewing  an  object  through  s 
strong  convex  lens  held  some  distance  in  front  of  the  eye;  we  then  see  in 
the  air  a  real  inverted  image  of  the  original  object.  From  this  real  image 
the  light  diverges  and  produces  on  the  retina  an  upright  image,  so  that  the 
mental  interpretation  is  that  of  an  inverted  impression  of  the  original  object. 
The  same  occurs  if  a  landscajDc  be  observed  through  an  astronomical  tele- 
scope, or  in  a  concave  mirror  held  sufficiently  far  away  from  the  observer's 
eye  or  through  an  inverting  prism. 

The  law  of  visual  projection  seems  to  be  quite  natural,  even  if  we  dis- 
regard the  mental  and  consider  the  matter  from  a  physical  aspect.  There 
is  a  lens  so  placed  that  the  real  inverted  image,  formed  by  it,  lies  on  a  mirror 
which  reflects  the  light  back  to  form  another  real  upright  image  coinciding 
with  the  object  from  which  the  light  originally  proceeded.  If  the  retinal 
image  were  a  luminous  object,  its  image  would  have  the  distance,  size  and 
uprightness  of  the  object;  the  two  are  conjugates.  The  original  object,  a 
lantern  slide  reproduction  of  it  and  the  projected  picture  of  the  slide  form 
a  reasonably  good  illustration. 

Pinhole  Demonstration. — -The  pinhole  can  be  employed  to  prove  the  law 
of  projection,  and  that  upright  vision  is  a  result  of  inversion  of  the  real 
retinal  image.  Let  D  be  the  pinhole  held  close  to  the  eye  at  about  i^^;  then 
the  light  passing  through  the  aperture  is  approximately  parallel  on  reaching 
the  retina  and  forms  thereon  a  disc  of  illumination  ah  about  the  size  of  the 
pupil.  The  projected  image  of  ah  is  represented  by  h'a  and  if  a  pin  P  be 
placed  between  D  and  the  eye,  as  in  Fig  22,  an  upright  shadow  will  be  cast 
on  the  retina.  This  shadow  is  projected  as  P^,  an  inverted  image  of  the 
pin,  and  is  seen  on  the  opposite  side  to  the  actual  position  of  the  latter. 

Direct  and  Indirect  Vision.— For  an  object  to  be  seen  clearly,  vision  must 
be  direct — that  is,  its  image  must  be  formed  on  the  macula.     In  direct  vision 
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the  visual  axis  connects  the  fovea,  or  centre  of  the  macula,  with  the  point  of 
fixation,  so  that  direct  vision  occurs  obliquely  to  the  optic  axis  in  the  direc- 
tion of  the  visual  axis.  When  an  image  is  formed  on  any  part  of  the  retina 
other  than  the  macula,  vision  is  indirect,  and  the  force  of  the  impression  con- 
veyed to  the  brain  decreases  as  the  distance  from  the  macula  increases. 
Were  the  receptive  faculty  of  the  whole  retina  equally  acute,  vision  would  be 
extremely  confused,  since  it  would  be  impossible  for  the  brain  to  appreciate 
at  the  same  moment  so  many  details. 

As  will  be  seen,  we  depend  mainly  on  central  or  direct  vision  for  colour, 
form,  size  and  distance,  and  on  peripheral  or  indirect  vision  for  direction, 
position  and  motion. 


Fig.  22. 

Direct  Vision. — Only  a  moderately  sized  image — i.e.,  one  which  subtends 
an  angle  not  exceeding,  say,  4° — can  occupy  the  macula  at  a  given  time. 
The  object,  of  which  this  is  the  image,  is  appreciated  distinctly,  while  every- 
thing else  within  the  angle  of  view  is  seen  with  a  varying  degree  of  indistinct- 
ness. The  more  distant  the  object,  the  greater  is  that  part  of  it  which  can 
have  its  image  on  the  macula,  and  can  therefore  be  included  in  direct  vision. 
The  nearer  the  object,  the  smaller  is  that  portion  which  can  be  seen  clearly 
at  a  given  moment.  Thus,  in  reading,  a  couple  of  short  words  comprises  all 
that  can  be  distinctly  seen  without  moving  the  eyes  or  the  book;  or  to  use  a 
familiar  example,  the  image  of  a  shilling  at  10"  will  cover  the  area  of  distinct 
vision.  The  area  of  really  critical  vision  is,  however,  confined  to  the  fovea. 
Other  parts  of  the  image,  falling  on  less  sensitive  portions  of  the  retina,  are 
seen  with  a  degree  of  distinctness  only  sufficient  to  assist  in  the  recognition 
of  general  outlines. 

Indirect  Vision. — Although  peripheral  sight  is  so  imperfect  that  one  can 
only  perceive  vague  outlines,  indirect  vision  is  of  extreme  value.  It  enables 
the  direction,  position,  and  movement  of  objects  outside  the  area  of  critical 
vision  to  be  noted,  and,  indeed,  estimation  of  movement  seems  to  be  a  faculty 
possessed  by  the  peripheral  portion  of  the  retina  to  as  great  an  extent  as, 
if  not  greater  than,  that  of  the  more  central  regions.  A  person  with  a  con- 
tracted field  is  unable  to  cross  safely  a  street,  although  he  may  have  j)racti- 
cally  normal  central  vision,  whereas  another,  who  has  worse  central  vision 
but  a  normal  field,  can  safely  do  so.  One  has  only  to  see  and  move  about 
with  a  tube  before  one's  eye  to  realize  the  importance  of  peripheral  vision. 
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Visual  Separation  oJ  Adjacent  Points. — Other  things  being  equal,  the 
clearness  and  minuteness  of  detail  of  the  object  seen  is  in  direct  proportion 
to  the  number  of  retinal  cones  stimulated.  When  it  is  necessary  to  view  an 
object  with  precision,  the  light  from  it  must  fall  on  the  macula,  where  the 
retinal  elements  are  most  closely  packed.  Any  two  points  on  the  object 
can  then  be  distinguished  as  two  provided  that  each  point  image  occupies  a 
cone,  and  is  separated  from  the  adjacent  point  by  a  distance  also  equal  to 
the  diameter  of  a  macular  cone,  namely,  0-002  mm.  Outside  the  macular 
area  the  cones  are  larger. 

Estimation  of  Direction  depends  on  indirect  vision.  The  direction  of  an 
object  is  estimated  from  the  part  of  the  retina  which  receives  the  impression, 
and  on  the  position,  relative  to  the  macula,  of  the  part  of  the  retina  so 
impressed.  If  the  image  is  to  the  right  of  the  macula,  the  object  is  conceived 
to  be  to  the  1  ri:  of  the  observer;  if  to  the  left  of  the  macula,  it  is  taken  to 
be  on  the  rignt.  If  the  rays  impinge  on  the  retina  above  the  macula,  the 
mental  projection  is  towards  the  ground;  if  they  fall  below,  it  is  conceived 
upwards. 

Estimation  of  Position  of  an  object  as  so  much  to  the  right  or  left,  above 
or  below  the  observer,  similarly  depends  on  indirect  vision,  or  on  the  motion 
of  the  eye  or  head  made  to  fix  it. 

Estimation  of  Motion  depends  on  the  fact  that  the  image  of  the  object 
passes  over  the  retina,  and  so  successively  occupies  gradually  varying  dis- 
tances from  the  macula;  or  alternatively,  it  depends  on  the  amount  of 
rotation  of  the  eye  necessary  to  keep  the  image  of  the  moving  object  on  the 
macula.  The  motion  thus  conceived  represents,  however,  only  a  change  in 
the  relative  positions  of  the  object  seen  and  of  the  observer,  and  since  the 
object,  or  observer,  or  both,  may  have  altered  their  position,  the  estimation 
of  motion  is  sometimes  deceptive.  Thus,  when  viewing  a  landscape  from  a 
moving  train,  the  telegraph  poles,  fields,  and  houses  seem  to  pass  the  train 
rather  than  the  reverse.  If  one  be  seated  in  a  stationary  train,  and  another 
alongside  starts  moving,  the  observer  may  imagine  that  it  is  his  train  which 
has  started.  He  can  only  be  certain  whether  he  or  the  object  viewed  is 
moving  when  something  helps  to  confirm  the  one  or  the  other  fact.  The 
muscular  action  exercised  when  walking  or  the  jolting  experienced  when 
driving  usually  serves  to  prevent  an  error  of  judgment  in  this  connection. 
The  optical  illusion  of  telegraph  poles  passing  a  moving  train  does  not  occur 
if  the  observer  views  the  more  distant  as  well  as  the  near  landscape,  for  then 
the  former  appears,  by  parallax,  to  move  with  the  observer,  while  the  latter 
appears  stationary. 

Conception  of  the  amount  of  celerity  of  movement  depends  on  the  extent 
or  rapidity  of  the  change  of  position  of  the  image  or  on  the  action  of  the 
motor  muscles  necessary  to  keep  the  object  in  view.  The  more  distant  the 
object  in  motion,  the  smaller  is  the  apparent  movement,  because  the  object 
in  a  given  time  moves  through  a  smaller  angle.     When  the  object  is  near. 
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it  moves  through  a  greater  angle  in  the  same  time,  and  therefore  its  image 
traverses  a  larger  retinal  area,  or  a  greater  muscular  action  is  needed  to  keep 
it  in  view,  so  that  the  rate  of  progression  seems  more  rapid. 

Appreciation  of  motion  being  the  conception  of  successive  changes  of 
direction,  the  peripheral  portions  of  the  retina  are  very  sensitive  to  it,  and 
the  motion  of  an  object  seen  by  indirect  vision  can  be  justly  estimated. 

If  the  movement  of  a  body  is  exceedingly  rapid,  it  may  fail  to  excite  the 
retina  as  a  change  of  movement  at  all.  One  cannot  see  the  passage  of  a 
bullet,  and  lightning  causes  the  sensation  of  a  continuous  streak  of  light. 

When  a  very  distant  object  is  viewed  directly  it  is  difficult  to  judge 
whether  it  is  stationary,  moving  away  from,  or  coming  towards  the  observer. 
The  image  occupies  the  same  position  on  the  retina;  no  muscular  action  is 
needed  to  keep  it  in  view,  and  for  a  certain  length  of  time  there  is  no  appre- 
ciable change  in  the  size  of  the  retinal  image.  Only  when  the  retinal  image 
becomes  appreciably  smaller  does  the  mind  conceive  that  the  body  is  moving 
away,  or  when  the  diminished  distance  causes  an  increase  in  the  size  of  the 
retinal  image  can  the  observer  be  sure  that  the  object  is  approaching. 

Estimation  of  Form  is  dependent  on  the  mental  recognition  of  the  outline 
of  the  retinal  image,  and  for  flat  surfaces  this  suffices.  It  almost  entirely 
depends  on  central  vision,  since  the  peripheral  portion  of  the  retina  is  com- 
paratively insensitive  to  form. 

Estimation  oJ  Solidity. — -The  form  of  a  solid  .body  is  similarly  conceived, 
but  there  is,  in  addition,  perspective,  the  appreciation  of  the  shadows  caused 
by  it,  and  of  the  position  of  other  bodies  in  relation  to  it,  which  aid  con- 
siderably in  the  recognition ;  but  the  principal  assistance  is  derived  from  the 
slightly  different  view  of  a  solid  body  presented  to  the  two  eyes — in  other 
words,  the  stereoscopic  effect,  which  subject  is  treated  later. 

Estimation  of  Size  of  an  object  depends  chiefly  on  the  extent  of  the  retinal 
area  occupied  by  its  image,  and  therefore  on  the  number  of  rods  and  cones 
stimulated.  As  previously  mentioned,  the  size  of  the  retinal  image  is 
governed  by  the  visual  angle,  so  that  the  apparent  size  of  an  object  decreases 
directly  as  its  distance  from  the  eye.  An  object  distant  1  yard  subtends  a 
certain  sized  visual  angle,  which  becomes  practically  half  that  size  if  the 
distance  between  the  object  and  the  eye  be  increased  to  2  yards,  and  one- 
fourth  the  size  if  the  distance  becomes  4  yards.  But  habit  and  the  uncon- 
scious comparison  with  surrounding  objects  of  known  size  enables  the  ob- 
server to  estimate,  independently  of  the  visual  angle,  the  true  dimensions 
of  an  object,  so  that  one  does  not  imagine  a  thing  to  be  half  the  size  of 
another  similar  object  merely  because  the  one  is  at  double  the  distance  of 
the  other. 

A  white  object  against  a  black  background  appears  larger,  and  a  black 
object  against  a  white  background  smaller,  than  it  really  is.  This  is  due  to 
irradiation  or  halation,  which  is  the  encroachment  of  the  white  image  on  the 
neighbouring  black  space,  with  the  result  that  the  black  appears  diminished 
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and  the  white  increased  in  size.     Also  an  object  seen  in  hazy  weather  appears 
larger  and  in  clear  weather  smaller. 

Comparative  Size.— The  estimation  of  the  comparative  sizes  of  various 
objects  depends  on  their  images  being  formed  successively  on  the  macula  by 
means  of  rapidly  achieved  movements  of  the  eyeball,  so  that  the  different 
retinal  areas  stimulated  by  the  images  are  mentally  compared.  If  objects 
are  close  together  and  in  the  same  plane,  comparison  of  their  sizes  is  easy, 
but  not  so  if  they  are  widely  separated  or  in  different  planes.  Although  the 
myope  has  a  large  retinal  image  and  the  hypermetrope  a  small  one,  the  com- 
parative sizes  of  different  objects — and  it  is  by  comparison  one  judges — is 
the  same  for  all  eyes.  Everyone  must  judge  an  object  that  is  1  foot  long 
to  be  one-third  the  length  of  another  1  yard  long. 

Estimation  of  Distance  results  from  habit  and  education.  If  the  object 
be  very  distant,  but  yet  recognizable,  as,  say,  a  cart  or  man,  its  distance  is 
estimated  from  the  extent  of  the  retinal  image — i.e.,  its  distance  is  estimated 
from  its  apparent  size.  Soldiers  unconsciously  judge  the  distance  at  which 
certain  details — for  instance,  the  arms,  eyes,  or  buttons — of  an  enemy  can 
be  seen.  When  the  conditions  under  which  the  object  is  viewed  are  unusual, 
estimation  of  distance  is  more  difficult,  which  proves  that  something  beyond 
comparison  of  the  size  of  the  present  retinal  image  with  the  remembered  size 
of  a  similar  object,  placed  at  a  known  distance,  is  needed.  In  Africa  and 
other  parts,  owing  to  the  dryness  and  purity  of  the  atmosphere,  distant 
objects  are  seen  very  distinctly,  and  to  those  unaccustomed  to  the  climate 
seem  to  be  nearer  than  they  really  are.  An  object  seems  nearer  if  there  is 
clear  space  between  it  and  the  observer,  or  when  it  is  seen  clearly  owing  to  the 
colour  of  the  background  or  the  position  of  the  sun.  Distances  are  deceptive 
to  most  people  in  foggy  weather.  They  cannot  be  accurately  judged  by 
the  landsman  at  sea  nor  by  the  townsman  in  the  country  because  the 
observers  are  new  to  the  conditions. 

The  Comparative  Distance  of  two  objects  is  easily  judged  when  they  are 
near,  since  the  difference  in  the  size  of  the  retinal  image  and  in  the  convergence 
used  are  well  marked.  When  the  objects  are  distant  the  former  plays  a 
prominent  part  and  we  call  it  perspective.  Parallax  also  aids  the  judgment 
as  do  also  shadows,  etc. 

Perspective  view  is  very  pronounced  when  looking  along  a  long  object 
as  a  railway  track  or  tunnel,  along  a  plank  or  through  a  tube ;  unconsciously 
it  is  equally  pronounced  when  the  objects  viewed  are  different  ones  and  not 
a  single  long  one.  Parallax  aids  in  this  way;  the  two  objects  are  A  and  B. 
One  would  conceive  B  to  be  more  distant  than  A  if  on  moving  the  head  to 
the  right  they  appear  more  separated  and  B  apparently  is  moved  in  the 
same  direction  as  the  head.  Shadows  help  because  if  the  light  comes,  say, 
from  behind  the  observer  the  nearer  object  A  would  cast  a  shadow  on  to  the 
more  distant  neighbouring  object  B;  if  the  light  comes  the  other  way  the 
reverse  occurs.     Again  a  near-by  object  might  partly  obscure  a  more  distant 
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one.     It  is  mainly  by  perspective,  aided  by  shading,  etc.,  that  varying  dis- 
tances of  objects  are  shown  in  pictures. 

Aids  to  Estimation  of  Distance  and  Size. — From  what  has  been  said  it 
will  be  seen  that  conceptions  of  size  and  distance  are  closely  connected,  and, 
indeed,  can  hardly  be  separated.  It  is  comparatively  easy  to  estimate  the 
distance  of  objects  within  about  20  feet,  because  we  are  more  accustomed  to 
seeing  close  objects,  and,  in  addition,  we  are  aided  by  the  muscular  action 
involved  in  convergence  and  accommodation,  and  by  the  stereoscopy  of 
binocular  vision.  The  nearer  the  object  is  situated,  the  more  convergence 
and  accommodation  are  exerted;  consequently,  the  greater  the  exertion  the 
shorter  is  the  distance  of  the  object  conceived  to  be.  Anything  which  in- 
duces these  functions  without  altering  the  apparent  size  of  the  object  also 
causes  the  latter  to  seem  nearer— e.f/.,  prisms,  base  out,  make  an  object 
viewed  through  them  seem  nearer,  while  prisms,  base  in,  have  the  contrary 
effect. 

As  red  light,  to  be  focused  at  the  retina,  needs  more  accommodation,  a 
red  object  seems  nearer  than  any  others  at  the  same  short  distance;  at  least, 
this  is  so  in  emmetropia  and  hypermetropia,  but  myopes  often  state  the 
reverse.  If  there  be  diplopia,  and  a  red  glass  be  placed  in  front  of  the  one 
eye,  a  candle  flame  seen  by  it  usually  appears  nearer  than  the  other.  Never- 
theless, when  the  distances  of  differently  coloured  bodies  are  compared,  what 
appears  nearest  to  one  person  may  not  seem  so  to  another. 

Convergence  and  accommodation  also  unconsciously  help  in  judgment  of 
size.  If  an  unknown  object  causes  a  certain-sized  retinal  image,  and  requires 
a  certain  effort  of  convergence  and  accommodation  in  order  to  be  clearly 
seen,  it  is  conceived  to  be  of  certain  dimensions.  The  same  retinal  image, 
combined  with  smaller  muscular  efforts,  would  give  the  appearance  of  greater 
size,  while  greater  efforts  would  cause  it  to  be  thought  smaller.  If,  however, 
in  order  to  cause  accommodative  effort  a  concave  lens  be  placed  before'^a 
normal  eye,  the  object  generally  appears  more  distant,  notwithstanding  the 
extra  muscular  effort.  In  this  case  the  diminution  in  the  size  of  the  retinal 
image  more  than  counteracts  the  sense  of  nearness  produced  by  the  accom- 
modation. For  a  similar  reason  a  convex  lens  may  cause  the  sensation  of 
nearness,  since  the  size  of  the  retijial  image  predominates  and  the  effect 
of  increased  distance,  due  to  the  suppression  of  accommodation,  is  lost. 

The  effect  of  a  telescope  or  opera  glass  is  to  increase  the  size  of  the  visual 
angle  without  calling  into  play  any  muscular  effort.  An  actor  on  the  stage 
seen  through  an  opera  glass  simply  appears  to  be  nearer  by  an  amount  equal 
to  the  magnification  of  the  glass.  If  the  latter  enlarges  three  diameters, 
it  apparently  brings  objects  up  to  a  third  their  actual  distance,  and  so  on. 
Looking  at  an  object  through  an  opera  glass  the  reverse  way  causes  the 
impression  of  increase  of  distance  equal  to  the  magnifying  power. 

The  conceived  or  apparent  size  of  an  object  depends  also  on  the  distance 
to  which  its  image  is  mentally  projected,  and  generally  the  plane  of  the  image 
is  the  same  as  that  of  the  object.     If,  however,  the  plane  of  the  object  be 
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unknown,  this  may,  or  may  not,  result.  If  possible,  the  mind  always  uncon- 
sciously seeks  a  plane  on  which  to  project  the  image.  Thus  the  figures  in  a 
picture  are  projected  on  to  the  picture,  the  image  of  the  whole  picture  itself 
is  projected  on  to  the  wall  on  which  it  hangs.  The  mental  image  of  a  real 
aerial  image,  formed  by  a  lens  or  mirror,  is  projected  on  to  the  plane  of  the 
lens  or  mirror,  as  being  the  nearest  tangible  body.  The  distance  and,  there- 
fore, the  size  of  a  distant  small  body  lying  in  front  of  a  large  one  is  difficult 
to  estimate,  as  the  image  of  the  small  body  is  projected  on  to  the  larger  one. 
In  other  words,  we  cannot  ajDpreciate  the  gap  between  two  distant  bodies 
situated  in  the  line  of  sight. 

When  the  plane  of  the  object  is  unknown,  the  distance  of  mental  pro- 
jection varies  considerably.  Thus  one  observer  projects  the  moon  on  to  a 
relatively  distant  sky  and  considers  it  to  be  of  the  apparent  size  of  a  large 
plate.  Another  projects  it  on  to  a  relatively  near  sky  and  gives  it  an  ap- 
parent size  of  a  small  disc.  To  everyone  both  the  sun  and  the  moon  appear 
larger  when  in  the  horizon;  their  images  are  then  projected  to  a  greater 
distance  than  when  overhead,  because  in  the  latter  case  there  is  no  inter- 
vening objects  between  them  and  the  observer.  The  sun  865,000  miles  in 
diameter  and  93  million  miles  distant,  and  the  moon  2,200  miles  in  diameter 
and  240,000  miles  distant,  both  subtend  an  angle  of  some  32'  or  the  same 
as  a  halfpenny  at  100". 

Stereoscopic  Fusion  and  the  Sense  of  the  Three  Dimensions. — Height  and 
width  can  be  estimated  almost  as  well  by  a  single  eye  as  by  two,  but  both 
are  required  for  the  just  estimation  of  depth. 

How  binocular  vision  helps  in  the  estimation  of  dimensions  may  be  noted 
by  viewing  a  near  object  first  with  one  eye  alone  and  then  with  both.  Thus, 
if  a  cubical  box  be  viewed  simultaneously  by  both  eyes,  the  image  of  the 
outline  of  the  front  surface  is  received  by  each;  since  the  images  occupy 
corresponding  positions  on  the  retinae,  the  projected  mental  images  are  fused. 
If  the  box  be  not  too  large  the  right  eye  also  receives  an  image  of  the  right 
side,  while  the  left  has  an  image  of  the  left  side.  Each  eye  sees  its  correspond- 
ing side  of  the  solid  body,  which  may  be  invisible,  or,  at  any  rate,  less  visible, 
to  the  other  eye.  This  necessitates  the  mental  fusion  of  two  slightly  dis- 
similar retinal  images  from  which  arises  the  sense  of  stereoscopy  or  plastic 
relief. 

In  addition,  the  conception  of  solidity  and  depth  of  a  body  is  aided,  as 
in  the  comparative  distance  of  two  objects,  by  perspective,  the  more  distant 
parts  subtending  smaller  angles  at  the  eye,  by  an  unconscious  use  of  parallax 
and  by  the  varying  play  of  light  on  the  dift'erent  parts  of  the  object 
viewed. 

Oblique  binocular  view  being  absent,  when  the  object  viewed  is  distant, 
say  beyond  50  feet  or  so,  renders  it  more  difficult  then  to  estimate  depth 
of  a  body  or  variation  in  the  distance  of  different  objects.  A  small  solid 
body  may  appear  quite  flat  and  a  larger  one  more  so  than  it  really  is.  But 
here  again  perspective,  parallax,  shadows  and  neighbouring  objects,  com- 
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bined  with  a  knowledge  of  the  true  form  of  bodies,  tend  to  prevent  the  idea 
of  flatness. 

A  person  using  one  eye  only  has  not  so  good  a  sense  of  solidity  and  depth 
as  has  one  who  uses  both  eyes,  but  the  sense  of  the  third  dimension  is  by 
no  means  absent  since  a  fuller  use  can  be  made  of  those  aids  which  have 
been  mentioned. 

Solidity  and  the  mental  estimation  of  the  comparative  distances  of  com- 
paratively near  objects,  or  parts  of  the  same  object,  is  aided  also  by  the 
exertion  of  convergence.  The  latter  sense  is  extremely  delicate,  a  minute 
change  in  the  angular  relation  of  the  visual  axes  being  interpreted  by  the 
brain  as  a  change  in  the  distance  of  the  fixation  point.  Accommodation, 
when  the  object  is  fairly  close,  also  plays  a  part. 

The  interocular  distance  being  small,  the  judgment  of  distance  and  relief 
is,  as  before  stated,  feeble  at  any  considerable  distance,  and  ultimately  ceases 
altogether.  It  follows  that  any  device  artificially  increasing  the  interocular 
width  will  result  in  a  corresponding  increase  in  plasticity  of  an  object,  and 
stereoscopic  relief  will  be  obtained  at  greater  distances  than  is  normally 
possible.     Prismatic  binoculars  are  therefore  made  with  their  objectives 


Fig.  23. — The  Sketches  illustrate  the  Views  obtained  by  the  Left  and  Right 
Eyes  respectively  of  a  small  Cubical  Body  slightly  below  them. 

wider  apart  than  the  eye-pieces,  so  that  the  difierence  in  view,  as  seen  by 
each  eye,  may  be  as  great  as  possible.  In  all  forms  of  range-finders  the  base 
line,  or  distance  between  the  two  points  of  view,  is  made  as  wide  as  possible 
in  order  to  produce  a  parallactic  effect  at  great  distances. 

Artificial  Stereoscopy. — The  plasticity  resulting  from  binocular  vision  and 
convergence  is  imitated  by  means  of  the  stereoscopic  camera  and  stereoscope. 
The  camera  is  of  the  usual  type,  but  fitted  with  two  equal  lenses,  the  width 
between  which  may  be  about  2i  inches — that  of  the  interpupillary  distance 
— but  generally  is  rather  more  in  order  to  enhance  the  resulting  sense  of 
depth  and  solidity.  Two  photographs  simultaneously  taken  of  the  same 
object  then  differ  slightly  from  each  other,  just  as  the  retinal  images  are 
slightly  dissimilar.  Prints  of  the  two  negatives  are  taken  and  reversed  so 
that,  when  viewed  side  by  side,  the  right-hand  print  is  that  taken  through 
the  right  lens,  and  the  left-hand  print  that  taken  through  the  left.  When 
these  are  placed  in  a  stereoscope  and  fused,  by  means  of  sphero-prisms,  the 
mages  fall  on  identical  portions  of  the  retinae,  and  the  prints  will  be  seen 
as  a  single  picture  standing  out  in  bold  relief. 
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The  plasticity  of  the  image  is  purely  artificial,  and  is  caused  somewhat 
by  the  difference  in  the  two  views  but  chiefly  by  the  slight  change  in  con- 
vergence that  must  be  constantly  exerted  for  the  varying  distances  between 
the  different  corresponding  points  in  the  two  pictures.  The  wider  apart 
any  two  corresponding  points,  the  less  convergence  is  required  to  fuse  them, 
and  therefore  the  greater  is  their  distance  mentally  conceived  to  be;  another 
pair  of  points,  with  less  separation,  will  require  more  convergence  for  their 
fusion,  so  that  the  single  image  formed  by  those  points  is  conceived  to  be 
nearer.  These  slight  but  unconscious  changes  in  convergence  are  rapidly 
made  as  different  parts  of  the  picture  are  viewed.  Two  pictures  taken  from 
the  same  standpoint  will  not  give  any  sense  of  plasticity,  since  the  degree  of 
convergence  is  the  same  for  all  points  of  the  combined  image. 

Plastic  effect  increases  with  the  distance  apart  at  which  photographs  of 
an  object  are  taken,  and  also  with  their  magnification.  Photographs  of  a 
constellation  taken  at  six  months'  interval  give  a  base  line  of  186,000,000 
miles,  which  is  sufficient  to  obtain  a  stereoscopic  effect  between  some  of  the 
nearer  stars.  Photographs  of  a  planet  taken  at  an  interval  will,  owing  to 
the  movement  of  the  earth  during  that  time,  give  a  pronounced  sense  of 
depth  between  the  planet  and  the  fixed  stars  behind  it. 


Fig.  24. 

Beewster's  Stereoscope.  Wheatstone's  Stereoscope. 


Stereoscopes. — Brewster's  stereoscope  (Fig.  21),  the  one  generally  used, 
consists  of  a  box  fitted  at  one  end  with  a  pair  of  sphero-prisms,  and  a  divi- 
sion down  the  centre  so  that  the  right  and  left  eye  sees  respectively  the  right 
and  left  picture  only.  The  width  of  each  picture  is  usually  about  3  or  3^ 
inches,  so  that  the  distance  between  any  two  corresponding  points  in  them 
is  greater  than  the  interpupillary  distance,  and  for  this  reason  the  bases  of 
the  prisms  are  placed  outwards  in  order  to  render  fusion  possible. 

Con.  for  any  point  of  the  combined  image  is  practically  the  same  as 
would  be  exerted  when  viewing  the  object  naturally  with  the  naked  eyes. 
Thus  for  very  distant  points  in  the  stereoscopic  image  the  visual  axes  are 
parallel;  for  others  at  some  appreciably  near  distance  there  is  slight  con- 
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vergence.  Also  Ac.  is  uoi  called  lor,  unless  the  original  object  were  near  the 
camera,  and  it  is  therefore  relieved  by  the  stereograms  being  placed  at  the 
focal  distance  of  the  spherical  elements  of  the  lenses. 

When  large  pictures  are  to  be  fused,  such  as  X-ray  stereograms  for  the 
location  of  foreign  bodies,  etc.,  Wheatstone's  model  is  generally  employed, 
and  consists  of  a  box  containing  two  plane  mirrors,  inclined  at  right  angles 
to  each  other.  The  right  and  left  pictures  are  placed  at  the  sides  of  the 
box,  and  after  reflection  from  the  mirrors  are  projected  as  a  single  image. 

Prisms  are  unnecessary  in  Wheatstone's  model,  as  alteration  of  the  angle 
of  the  mirrors  gives  the  necessary  adjustment  of  the  images  to  cause  them  to 
fuse  with  the  maximum  of  comfort;  and,  further,  as  the  stereograms  are 
placed  at  a  somewhat  great  distance  as  compared  with  Brewster's  stereo- 
scope, spherical  lenses  are  not  required.  The  above-mentioned  adjustment 
of  the  mirrors  gives  the  necessary  alteration  in  convergence  to  bring  it  into 
harmony  with  any  demand  made  on  the  Ac.  This  easy  adjustability  is  one 
of  the  chief  advantages  of  Wheatstone's  stereoscope. 

Pseudoscopy.^ — If  the  picture  taken  through  the  right  lens  be  placed  in 
front  of  the  left  eye,  and  vice  versa,  a  pseudoscopic  effect  the  reverse  of  stereo- 
scopic relief  is  seen.  Thus  a  spherical  body  is  seen  hollow.  Those  parts  of 
the  picture  that  should  occupy  the  foreground  are  apparently  behind  those 
that  should  occupy  the  background;  the  images  of  nearer  objects  appear  at 
a  greater  distance  than  those  of  more  remote  ones. 

Antagonistic  Fields. — When  a  stereoscope  is  used  the  two  pictures  must 
be  of  the  same  object  in  order  to  be  fused,  or  they  must  be  two  parts  of  an 
object  such  as  the  upright  and  the  limbs  of  a  letter  E,  or  they  may  be  two 
objects  that  can  be  combined,  say,  a  bird  and  a  cage.  If  they  are  quite 
dissimilar,  either  the  one  or  the  other  image  predominates,  at  any  one  moment, 
in  any  given  part  of  the  field,  but  the  whole  of  the  field  may  not  pertain  to 
the  one  eye.  This  is  sometimes  called  retinal  rivalry.  For  two  objects, 
say  a  vertical  and  a  horizontal  line,  to  be  combined  so  as  to  form  a  cross, 
there  needs  to  be  some  one  point  similar  in  the  two  pictures  which  can  be 
made  corresponding  in  the  two  retinal  fields. 

Stereoscopic  Fusion  without  a  Stereoscope. — The  plastic  effect  of  a  stereo- 
gram can  be  obtained,  without  the  aid  of  a  stereoscope,  in  two  ways. 

In  the  abductive,  or  divergence,  method  (Fig.  25)  two  stereograms,  not 
exceeding  about  2  or  3  inches  in  size,  reversed  as  for  the  stereoscope,  are 
placed  symmetrically  in  the  median  plane  of  the  eyes.  Convergence  being 
relaxed,  four  images  appear  as  the  eyes  move  outwards  towards  parallelism, 
but  the  two  inner  ones  approach  each  other,  to  overlap  and  become  fused, 
when  three  pictures  are  seen.  The  centre  one  is  now  rendered  clear  by 
accommodation,  care  being  taken  that  the  convergence  is  not  altered.  There 
is  a  right  and  left  uncombined  non-plastic  picture  apparently  separated  by 
twice  the  distance  they  really  are,  and  a  combined  plastic  picture  between 
the  two 
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in  tke  right  eye  there  is  a  macular  image  b  of  the  picture  B,  and  au 
image  a'  of  the  picture  A,  this  being  to  the  temporal  side  of  the  macula.  In 
the  left  eye  the  image  b'  of  the  picture  B  is  on  the  temporal  side  of  the  macula, 


lA 


Qb 


Fig.  25. 


Fig.  26. 


A  and  B  represent  the  stereograms  separated  by  a  distance  equal  to  that  between  the  eyes, 
so  that  the  latter  are  adjusted  to  parallelism  in  order  that  an  image  of  each  may 
be  formed  on  the  corresponding  macula  M. 

while  that  of  a  of  the  picture  A  is  at  the  macula.  The  uncombined  images  a 
and  b'  belong  each  to  the  opposite  eye,  and  are  projected  out  as  crossed 
according  to  the  ordinary  laws  of  projection. 

In  the  adductive,  or  convergence,  method  (Fig.  26)  the  right  stereogram 
is  placed  before  the  left  eye,  and  the  left  before  the  right.  Convergence 
is  first  exerted  for  some  point  nearer  than  the  stereograms,  and,  as  in  the 
abductive  method,  four  images  are  seen,  which  become  three  on  varying 

a'  cO-  /' 

Fig.  27.  —  Showing  the  Appearance  of  the  Combined  Stereoscopic  Image  ah 

BET^VEEN   THE  UnCOMBINED   CrOSSED   NoN-PLASTIC    PICTURES  a'   AND   6'   PROJECTED 

FROM  THE  Right  and  Left  Eyes  respectively. 

the  convergence,  so  that  the  two  middle  ones  fuse.  The  central  image  is  now- 
rendered  sharp  by  relaxing  the  accommodation,  the  left  uncombined  picture 
belonging  to  the  left  eye,  the  right  uncombined  one  to  the  right  eye. 

Here  the  right  eye  has  a  macular  image  a  of  the  stereogram  A,  and  to 
the  nasal  side  an  image  b'  of  the  picture  B.  The  left  eye  has  a  macular 
image  b  of  the  stereogram  B,  and  to  the  nasal  side  the  image  a  of  the  pic- 
ture A.  The  appearance  is  the  same  as  in  Fig.  27,  but  now  the  uncombined 
images  a'  and  b'  are  homonymous,  and  are  projected  from  the  left  and  right 
eyes  respectively. 

If  reversed  stereograms  be  used  in  the  adductive  method,  the  effect  is 
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not  one  of  stereoscopy,  but  of  pseudoscopy.  Similarly,  unreversed  stereo- 
grams viewed  by  the  abductive  method  give  the  effect  of  pseudoscopy.  It 
is  also  worthy  of  note  that  in  the  abductive  method  the  final  image  is  ap- 
parently larger  than  either  of  the  originals,  and  is  due  to  the  relaxation  of 
convergence,  whereby  the  object  is  mentally  conceived  to  be  at  a  greater 
distance,  and  therefore  correspondingly  larger.  On  the  other  hand,  conver- 
gence in  the  adductive  method  gives  rise  to  an  impression  of  smallness, 
since  the  object  is  mentally  interpreted  as  a  nearer  one. 
These  experiments  can  be  made  with  two  similar  coins. 

The  Field  of  Vision  is  the  area  over  which  an  eye  can  see  indirectly,  the 
visual  axis  being  directed  straight  forward.  It  is  usually  measured  by  the 
perimeter,  as  described  later. 

The  normal  field  extends  approximately :  Upwards  50  degrees,  down- 
wards 70  degrees,  or  altogether  120  degrees  in  the  vertical  plane;  inwards 
60  degrees,  outwards  90  degrees,  or  altogether  150  degrees  in  the  horizontal 
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Fig.  28. 


plane.  The  field  outwards  generally  exceeds  90  degrees,  to  a  slight  extent; 
that  is  to  say,  one  can  see  a  little  way  behind  him,  but  here,  as  in  every 
direction,  the  limit  of  vision  depends  on  the  brightness  of  the  objects  in  the 
field. 

The  extent  of  the  field  is  increased  if  the  observation  disc  is  moved  about 
slightly.  A  stationary  object,  quite  invisible  in  the  periphery  of  the  field, 
becomes  easily  visible  when  slightly  moved,  owing  to  the  high  sensibility  to 
motion  obtaining  in  the  outer  regions  of  the  retina. 

The  field  is  limited  on  the  nasal  side  by  the  nose,  above  and  below  by 
the  brows,  cheek,  lids,  and  lashes,  while  on  the  temporal  side  there  is  no 
obstruction. 

The  field  is  largest  for  white,  blue  being  nearly  the  same;  then  follow 
yellow,  red  and  green  in  the  order  given,  each  forming  an  irregular  oval 
Fig.  28)  about  10°  less  in  all  directions  than  that  immediately    outside  it. 
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Colours  are  barely  distingmshable  at  the  periphery  of  the  field — indeed,  the 
outer  parts  of  the  retina  may  be  said  to  be  practically  colour  blind.  A 
coloured  object  can,  however,  be  seen  before  the  colour  itself  is  recognized, 
and  no  matter  what  its  tint  may  be,  if  it  be  bright  enough  its  angular  dis- 
tance is  the  same  as  that  of  white.  The  fields  under  which  a  coloured  object 
can  be  seen,  and  under  which  the  colour  is  recognized,  depend  on  the  bright- 
ness and  purity  of  the  latter,  the  size  of  the  test  disc,  and  the  contrast  between 
it  and  its  background.  Examination  of  the  field  of  vision  for  white  and 
colours  furnishes  indications  of  great  value  to  the  ophrhalmic  surgeon  in 
the  diagnosis  of  disease. 

The  Field  of  Fixation  is  the  greatest  angular  distance  over  which  the 
visual  axis  can  be  moved,  the  head  being  stationary,  and  it  includes  the 
maximimi  extent  of  acute  vision.  The  approximate  values  are  up  35°, 
down  55°,  in  45°,  out  45°,  or  90°  vertically  and  90°  horizontally.  It  is  some- 
times called  the  field  of  excursion  or  rotation.  The  total  visual  field  is  there- 
fore practically  the  sum  of  the  fields  of  vision  and  excursion,  but  this  holds 
good  only  on  the  temporal  side,  where  there  is  no  obstruction. 

According  to  a  most  ingenious  theory  of  vision  propounded  by  Professor 
Tscherning,  one  can  compare  the  visual  axis  to  a  main  feeler  surrounded  by 
an  enormous  number  of  accessory  feelers  (secondary  axes)  crossing  it  at  the 
nodal  point.  With  this  cone  of  feelers  the  external  world  is  surveyed,  the 
accessory  feelers  guiding  the  main  one  to  the  point  to  be  fi:xed.  Thus  on 
rotating  the  eye  the  retinal  base  of  the  cone  of  feelers  is  moved  over  the 
objects  contained  in  the  field  explored. 

The  Perimeter  is  employed  to  measure  the  fields  of  vision,  rotation  or 
fixation,  the  size  of  ocular  angles,  the  angular  dimensions  of  a  squint,  and 
to  locate  and  plot  scotomata. 

The  simplest  form  of  perimeter  consists  of  an  arc  A^A.,  of  ISO",  whose 
radius  is  about  16  cm.,  and  capable  of  being  revolved  into  any  meridian. 
At  the  centre  of  curvature  of  the  arc  A^A.^,  on  the  upright  E,  there  is  a  fixed 
piece  C  which  rests  against  the  ocular  orbit  outside  and  just  below  the  lowei 
lid.  The  arc  is  graduated  in  degrees  from  zero  at  M  to  90^  at  either  ex- 
tremity. At  31  there  is  a  small  aperture,  white  mark,  or  plane  mirror  ser^dng 
as  a  point  of  fixation.  At  D  there  is  a  pointer  which  travels  with  the  arc 
and  indicates,  on  a  dial,  the  meridian  in  which  the  arc  lies.  "When  the  eye 
is  at  C  and  directed  towards  M,  revolution  of  the  arc  would  mark  out  a 
hemisphere  of  which  the  eye  is  the  centre.  In  the  more  elaborate  instru- 
ments there  is  usually  a  carrier  on  both  arms  of  the  arc  to  which  the  test 
object  is  fixed,  and  a  table  for  the  chart. 

To  Measure  the  Visual  Field. — The  one  eye  is  occluded,  and  that  to  be 
tested  is  at  C  and  directed  towards  M;  it  must  not  be  moved  during  the 
test.  The  arc  being  horizontal,  a  small  white  disc  on  the  carrier  is  placed 
at  90°  on  the  temporal  side,  and  slowly  moved  inwards  until  it  becomes 
visible;  this  point  is  marked.     Similarly  the  field  is  measured  on  the  nasal 
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side  of  zero.  The  two  points  denote  the  extreme  limits  of  the  visual  field 
in  the  horizontal  meridian,  and  normally  they  should  be,  very  approximately, 
90°  on  the  temporal,  and  60°  on  the  nasal,  side  of  the  visual  field.  Of  course 
the  two  sides  of  the  latter  are  contrary  to  those  on  the  retina;  on  the  tem- 
poral side  there  is  measured  the  nasal  side  of  the  retinal  field,  and  vice  versa, 
and  this  reversal  occurs  in  all  other  meridians. 

In  the  same  way  the  field  of  the  vertical  meridian,  which  is  normally 
about  50°  above  and  70°  below,  together  with  those  at  45°  and  135°,  are 
measured  and  indicated  on  paper;  or,  better,  on  charts  specially  prepared 
for  the  purpose  as  shown  in  Fig.  30,  where  the  shaded  spaces  indicate  the 
limits  of  the  projected  normal  field  of  vision  of  the  right  and  left  eye  respec- 


FiG.  29. — The  Perimeter. 

tively.  For  an  optician  who  wishes  to  determine  whether  there  is,  or  is  not, 
contraction  of  the  field,  these  four  meridians  suffice ;  their  limits  being  marked 
on  the  chart,  and  connected  by  a  curve,  the  visual  field  of  an  eye  is  roughly 
mapped  out.  Even  the  horizontal  and  vertical  meridians  sufiice  for  this 
purpose. 

The  field  of  fixation  is  measured  on  the  perimeter  subjectively  by  moving 
a  small,  well-illuminated  letter  around  the  arc  so  far  as  it  can  be  distin- 
guished, or  a  series  of  figures  or  letters  can  be  fixed  on  the  arc  and  read  as 
far  as  possible.  The  extent  of  rotation  can  be  obtained  objectively  by  the 
reflected  pupillary  image  of  a  flame  when  the  eye  is  deviated  as  much  as 
possible. 

For  use  by  the  optician,  the  hand  perimeter,  illustrated  in  Fig.  29,  is 
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perhaps  more  useful  than  the  table  instrument,  but  the  latter  is  better  for 
exact  work.  The  trial  frame  must  not  be  on  the  face,  but  the  one  eye  should 
be  occluded  by  an  eye-shade.  If  there  are  no  carriers  the  test  discs  are 
fixed  to  a  small  black  plate  attached  to  a  long  handle,  and  this  is  carried 
around  the  arc  by  hand.  The  white  test  disc  must  be  kept  clean,  and  there 
should  be  also  red,  green,  and  other  colours. 

Approximate  Field  of  Vision. — -The  visual  field  can  be  roughly  measured 
on  a  flat  surface,  such  as  a  large  blackboard,  at  right  angles  to  the  visual 
axis,  on  which  a  piece  of  white  chalk  marks  off  on  all  sides  of  the  axis  the 
tangents  of  the  angular  limits  of  vision.  This  is  sufficiently  accurate  up 
to  45°,  or  even  60°,  but  beyond  these  limits  it  becomes  almost  impossible, 
especially  on  the  temporal  side  where  the  field  is  90°,  since  tan.  90°  is  oo  . 

In  the  absence  of  a  perimeter  the  optician  can  learn  if  the  field  be  normal, 
as  follows:  The  subject  fixes  the  opposite  eye  of  the  optician,  so  that,  say, 
the  optician's  right  coincides  with  the  observed  left  visual  axis;  the  other 
eye,  of  both  observer  and  observed,  is  occluded.     Then,  if  a  small  white, 
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or  light-coloured  stick  be  moved  in  different  directions  in  the  plane  midway 
bet'ween  the  observer  and  observed,  the  latter  should,  if  he  has  a  normal  field 
of  vision,  see  it  as  far,  in  each  direction,  as  the  optician.  The  procedure  is 
repeated  for  the  other  eye. 

Law  of  Corresponding  Points. — Every  element  of  the  bacillary  layer,  or 
at  least  every  cone,  has  a  definite  line  of  projection  on  which  the  object  point 
is  situated,  and  on  which  the  mind  projects  the  image  point  to  its  position 
in  the  visual  field.  The  nasal  half  of  the  retinal  field  of  the  one  eye  cor- 
responds to  the  temporal  of  the  other,  and  vice  versa  ;  the  upper  and  the  lower 
portions  of  the  two  fields  also  respectively  correspond.  The  cones  being  dis- 
tributed over  the  retina,  the  outer  terminals  of  the  projection  lines  form  the 
complete  field  of  vision.  The  relative  position  of  all  points  in  the  field  being 
the  same  for  each  eye,  the  two  fields  are  identical  in  all  respects  so  far  as 
they  overlap.     Double  vision  results  if  the  retinal  images  do  not  correspond. 
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The  Binocular  Field  of  Vision.— Most  of  tlie  upper  and  lower  portions  of 
the  fields  of  vision,  and  all  the  central  field,  are  binocular,  but  a  certain 
portion  on  each  side  is  seen  by  the  one  eye  alone.  The  line  of  separation 
between  the  binocular  and  the  monocular  fields  is  imperceptible,  when  the 
two  eyes  are  open,  and  can  be  found  only  by  experiment — that  is,  by  closing 
the  one  and  other  eye. 

In  the  horizontal  visual  field  (Fig.  31)  ABC,  the  central  binocular  portion, 
occupies  about  two-thirds,  or  120°,  of  the  entire  area  of  180°,  and  is  seen  by 
both  eyes  at  the  same  time.     The  right  and  left  portions,  FN^K  and  EN-JI, 
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of  the  field,  about  30°  on  each  side,  are  less  clearly  defined,  and  are  seen  by 
the  right  and  left  eye  respectively.  To  appreciate  the  binocular  field  of 
vision,  one  must  presume  the  two  eyes  in  Fig.  31  to  be  lying  in  the  same 
plane,  so  that  EN-^^  coincides  with  AN^  and  CN^  w'lthFN^. 

Fusion  of  the  Fields  of  Vision. — In  order  that  single  vision  with  the  two 
eyes  may  result,  there  must  be  exact  superposition  and  mental  fusion  of  that 
part  of  the  field  common  to  both.  This  is  brought  about  by  co-ordinate 
action  of  the  necessary  muscles.     Nerve  impulses  from  the  brain  stimulate 


Fig.  32. 

the  muscles  which  turn  the  eyes  to  the  same  s^jot,  the  action  being  then 
yoked.  If  the  object  be  near,  convergence  is  necessary  as  well  as  other 
muscular  action. 

The  Mental  Eye  is  an  imaginary  combined  eye  with  normally  the  united 
maculae  M  in  the  centre  of  the  fundus  and  the  combined  centre  of  rotation  C, 
nodal  point  N ,  and  principal  point  P  lying  on  the  central  line  as  shown  in 
Fig.  32.  The  combined  mental  receiving  area  is  corresponding  as  actually 
results  with  the  two  eyes  when  perfect  fusion  obtains.     This  mental  eye  is 
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after  the  conception  of  the  Cyclopean  eye  of  Herring.  The  mental  macula 
is  situated  centrally  because  the  line  of  binocular  projection  MF  is  the  median 
line  of  the  head. 

Plane  oJ  Fusion. — When  regarding  any  near  object  0  (Fig.  33),  all  other 
points  on  the  median  line  DAO,  but  nearer  or  farther  than  0,  are  seen  indis- 
tinctly. They  are  also  seen  double,  because  their  images  are  neither  formed 
on  the  two  maculae  nor  on  corresponding  points  of  the  two  retinse.  The 
images  of  the  nearer  object  A  are  crossed,  the  left  image  belonging  to  the 
right  eye,  and  vice  versa.  The  images  of  the  more  distant  object  B  are 
homonymous,  the  left  image  belonging  to  the  left  eye,  and  vice  versa. 

Although  diplopia  of  this  kind  is  always  present,  we  are  unconscious  of 
it.  The  doubled  images  are  so  numerous  and  so  indistinct,  compared  with 
the  macular  image  with  which  one  is  mentally  engaged,  that  the  mind  un- 
consciously employs  these  double  impressions  merely  to  estimate  the  position 
of  surrounding  objects. 


Doubleness  of  Indirect  Vision.— That  an  object  in  the  median  plane,  and 
not  at  the  point  of  fixation,  is  seen  double  may  be  shown  by  experiment. 
Thus,  if  two  pencils  be  held  in  the  median  line  before  the  face,  the  one  a 
few  inches  behind  the  other,  and  the  eyes  be  directed  to  the  more  distant 
one  0,  the  nearer  one  A  will  be  seen  double ;  or,  if  the  near  one  0  be  regarded, 
the  farther  one  B  is  seen  double.  In  this  experiment  the  double  images  are 
seen  fairly  distinctly,  because  they  are  formed  at  or  near  to  the  macular 
region.  A  better  experiment  can  be  made  with  a  lighted  candle  held  between 
the  eyes  and  an  object,  or  beyond  the  latter,  when  the  double  flame  is  very 
noticeable.  When  using  a  rifle,  the  doubling  of  the  back  sight  necessitates 
the  left  eye  being  closed  while  taking  aim,  unless  the  right-hand  image  of 
the  near  sight  can  be  ignored,  in  which  case  both  eyes  may  with  advantage 
be  kept  open. 

The  Horopter. — All  things  not  at  the  point  of  binocular  fixation  are  not, 
however,  seen  double.     Many  points  in  the  field  besides  the  fixation  point 
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have  corresponding  retinal  images  which  are  fused,  although  only  indistinctly 
seen.  These  lie  in  the  same  plane  as  the  fixation  point  0  (Fig.  33)  for  a 
small  area  surrounding  it.  A  larger  curved  area  of  single  vision,  however, 
obtains. 

Convergence  of  the  visual  axes  being  fixed  for  a  certain  point,  the  locus  of 
all  others,  seen  binocularly  as  single  points,  lie  on  a  circle  passing  through 
the  two  nodal  points  and  the  point  of  fixation  in  the  horizontal  plane  (Fig.  34). 
This  is  sometimes  called  the  horopter,  but  this  term  is  applied,  also,  to  the 
curved  line  on  which  lie  the  points  of  fixation  as  the  eyes  roam  from  the 
extreme  right  to  the  extreme  left  with  fixed  convergence. 


Fig.  34. 

A'l  and  A  o  are  the  nodal  points  of  the  ej^es.  A  is  the  point  of  fixation;  B  and  C  are  other 
points  in  the  horizontal  plane  on  the  horoptic  circle,  and  therefore  seen  fused  and 
single  because  c  and  c',  also  h  and  b',  occupy  corresponding  points  on  the  retina\ 

There  is  some  difference  of  opinion  as  to  the  exact  nature  of  the  surface 
of  single  vision,  as  the  eyes  rotate,  but  the  definition  of  Miiller  is  that  the 
circle  passes  through  the  two  centres  of  rotation;  thus  the  circle  of  single 
vision  and  the  circle  of  rotation  differ  slightly. 

The  images  of  A  are  macular;  those  of  all  other  horoptic  points  are  extra- 
macular.  If  A^j  and  N^  be  connected  by  a  chord,  and  the  horoptic  circle 
revolved  on  it  vertically,  there  is  generated  the  horoptic  area,  which  would 
seem  to  be  toroidal  in  curvature.  The  horoptic  circle  varies  with  the  in- 
clination of  the  visual  axes  to  each  other — that  is,  with  the  amount  of  Con. 
in  force. 

It  will  be  observed  that  although  Con.  is  equal  for  every  point  of  the 
horoptic  circle,  the  Ac.  is  not;  the  point  G  is  nearer  than  A,  moreover  the 
distance  of  successive  points  is  different  for  the  one  eye  and  the  other. 
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Visual  Acuity  is  the  measure  of  the  faculty  of  receiving,  transmitting, 
and  mentally  interpreting  the  retinal  impressions.  It  depends  on  the  trans- 
parency of  the  media,  the  nervous  functions  of  the  retina  and  optic  nerve, 
and  the  interpretive  faculty  of  the  brain.  Also,  to  a  small  degree,  it  depends 
on  the  size  of  the  retinal  image,  and,  therefore,  on  the  distance  between  the 
nodal  point  and  retina.  Strictly  the  acuity  of  an  eye  is  its  visual  power 
under  best  conditions,  that  is  improved,  if  required,  by  corrective  lenses, 
so  that  refractive  power  is  not  included  in  the  governing  factors. 

Determination  of  the  Visual  Acuity. — The  visual  acuity  V.  A.  is  deter- 
mined by  the  size  of  the  smallest  retinal  image  which  causes  the  mental 
perception  of  parts  of  an  object^^.e.,  it  is  determined  by  the  smallest  interval 
between  two  points  or  lines,  at  a  given  distance,  which  will  permit  of  these 
being  seen  separately  and  not  blended  into  one.  The  image  itself  cannot 
be  measured,  but  can  be  calculated,  since  it  is  always  proportional  to  the 
visual  angle. 

It  has  been  found  that  the  smallest  object  which,  as  a  whole,  can  be 
recognized  by  the  average  normal  eye  is  one  which  subtends,  at  the  nodal 
point,  an  angle  of  5',  the  details  themselves  subtending  an  angle  of  1'.  This 
standard  is  employed  in  the  construction  of  Snellen  types  {q.v.),  which  are 
used  for  the  measurement  of  visual  acuity  in  practical  sight-testing. 

The  acuity  for  distant  objects  is  generally  greater  among  savage  races 
than  among  civilized  people,  and  that  of  the  inhabitants  of  rural  districts 
is  usually  better  than  that  of  townspeople.  Again,  the  seaman  has  a  better 
acuity  than  that  of  the  landsman,  and  the  V.  A.  varies,  in  some  degree,  with 
nationality.  Training  and  habit  account  for  these  facts,  because  those  who 
are  in  the  habit  of  constantly  using  their  eyes  for  distances  naturally  see 
remote  objects  better  than  those  who  are  not.  On  the  other  hand,  the  more 
highly  civilized  and  educated  races,  or  persons,  generally  have  a  better  per- 
ceptive faculty  for  near  objects  than  those  who  are  not  so  much  accustomed 
to  using  their  eyes  for  close  work.  In  other  words,  what  is  frequently  taken 
to  be  a  high  degree  of  visual  acuity  is  rather  a  high  degree  of  ability  to 
interpret  mentally  what  is  seen. 

Lindsay  Johnson  has  recorded  cases  among  the  natives  of  the  Upper 
Congo  who  could  see  three  of  Jupiter's  moons  with  the  naked  eye.  One  or 
two  of  these  natives  possessed  an  acuity  four  times  as  high  as  the  usually 
accepted  normal  V.  A.  This  was  probably  due,  not  to  the  cones  being 
smaller  or  closer  together  at  the  fovea,  but  to  the  crispness  of  the  image 
accompanying  absolute  transparency  of  the  media  and  perfection  of  the 
nerve-conducting  apparatus,  together  with  entire  absence  of  astigmatism. 

Investigations  on  the  refraction  and  acuteness  of  vision  among  people  of 
different  ages,  classes,  and  races  indicate  that  a  slight  degree  of  hyper- 
metropia,  between  0-50  and  1  D.,  is  practically  the  normal  refractive  con- 
dition, and  that  those  people  who  have  the  keenest  sight  are  generally  slightly 
hypermetropic.  This  degree  of  hy|")ermetropia  may  be  compared  to  the  fine 
adjustment  of  a  microscope.     Every  microscopist  knows  that  he  can  resolve 
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details  better  by  moving  the  fine  adjustment  to  and  fro  while  the  object  is 
under  observation,  than  he  could  if  the  focus,  although  possibly  correct,  were 
fixed  and  no  alteration  possible.  Now,  in  low  hypermetropia  the  ciliary 
muscle  allows  of  this  slight  play  to  and  fro  exactly  as  occurs  with  the  micro- 
scope adjustment. 

It  has  been  proved  that  alcohol  and  certain  drugs  temporarily  lower  the 
visual  acuity,  as  does  fatigue,  both  of  the  body  generally  and  of  the  retina  in 
particular. 

Limits  of  Vision. — The  limit  distance  of  vision — whether  actual  or  angular 
— for  an  object  of  definite  size,  is  extremely  difficult  to  determine  or  express. 
It  depends  on  its  luminosity  or  the  amount  of  light  it  reflects,  the  clearness 
of  the  atmosphere,  the  colour  of  the  object,  that  of  its  background,  the 
contrast  between  the  two,  on  the  elevation  of  the  object,  and  the  curvature 
of  the  earth.  The  distance  at  which  an  object  can  be  seen  is,  of  course,  very 
much  greater  than  that  at  which  it  can  be  recognized.  The  brighter  the 
light  from  the  object,  or  the  greater  the  contrast  of  the  surrounding  field, 
the  smaller  is  the  object  that  can  be  seen  at  a  given  distance,  or  the  greater 
is  the  distance  at  which  a  given  sized  object  can  be  seen. 

Being  more  luminous,  a  same  sized  white  object  can  be  seen  at  a  greater 
distance  than  a  coloured  one.  The  distance  at  which  bodies  of  different 
colours  can  be  seen  varies ;  generally  a  yellow  one  can  be  seen  farthest,  then 
a  red  one,  but  the  brightness  of  the  colour  and  contrast  are  the  governing 
factors,  and  a  distinction  must  be  drawn  between  seeing  the  body  and  recog- 
nizing the  colour  (vide  Colour).  At  a  considerable  distance  a  green  or  blue 
light  appears  a  dull  white.  A  red  body  can  be  seen  only  about  half  as  far, 
and,  as  a  rule,  a  brown  one  is  the  most  difficult  of  all  to  distinguish  at  a 
distance.  That  the  visibility  of  an  object  differs  with  its  colour  and  contrast 
is  illustrated  by  the  fact  that  a  mottled  object  becomes  invisible  at  a  distance 
at  which  one  uniformly  coloured  can  be  clearly  seen,  the  individual  patches 
being  too  small  to  occupy  non-adjacent  macular  cones. 

Apart  from  other  factors,  the  distance  of  visibility  of  an  ordinary  distant 
object  on  a  plain  or  at  sea  is  limited  by  the  curvature  of  the  earth's  surface. 
The  distance  of  the  horizon  is  approximately  d  =  ^1*5  h,  where  d  is  the  dis- 
tance in  miles  and  h  is  the  height  of  the  observer's  eyes  in  feet  above  the 
earth  or  sea  level.  Thus  the  horizon  is  3  miles  away  when  one  is  6  feet  up. 
An  object  which  projects  upwards  from  the  earth  or  sea  level  can  be  seen, 
therefore,  at  a  much  greater  distance;  thus  a  mast  50  feet  high  could  be 
seen  9  miles  from  sea  level. 

In  theory  if  an  object  1  foot  square  is  visible  at  a  certain  distance,  a 
similar  one  6  feet  square  should  be  visible  at  six  times  that  distance.  This 
is,  however,  not  the  case  because  of  the  extra  loss  of  light  when  passing 
through  the  greater  space  of  atmosphere.  For  this  reason  an  airman  can 
see  farther  than  one  on  land. 

In  an  atmosphere  which  is  very  clear,  as  in  the  tropics,  or  on  the  tops  of 
elevations,  the  distance  of  visibility  is  increased  as  also  it  is  when  the  atmo- 
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sphere  is  charged  with  moisture.  Thus,  when  a  coast  line  which  ordinarily 
is  not  clearly  seen  becomes  sharply  defined,  wet  weather  is  anticipated 
Clouds  and  mountain  crests  are  said  to  have  been  visible  40  to  100  miles 
or  even  200  miles. 

The  brightness  of  the  source  is  the  great  factor  in  visibility;  the  flame 
of  a  match  on  a  dark  night  can  be  seen  perhaps  half  a  mile  especially  from 
the  air  or  in  very  clear  weather,  the  flash  of  a  torch  nearly  two  miles,  flash 
signals  are  seen  from  60  to  160  miles  or  maybe  more,  lighthouse  signals 
and  furnaces,  say,  up  to  about  25  or  50  miles.  Indeed  there  is  no  limit  to  dis- 
tance of  visibility  given  sufficient  brightness  of  source  and  elevation;  the 
planets  are  seen  by  the  reflected  light  of  the  sun  at  many  hundreds  of  millions 
of  miles. 

An  important  factor  in  the  perception  of  objects  is  that  of  motion.  Thus 
it  is  known  that  many  animals  render  themselves  indistinguishable  from  their 
background  by  keeping  quite  stationary.  The  wonderful  sudden  appearance 
of  vultures  in  the  desert  is,  no  doubt,  due  to  their  ability  to  distinguish 
travellers  as  moving  objects  while  they  themselves,  although  comparatively 
near,  are  invisible  in  the  bright  sunlight. 

The  relationship  between  size  S  and  distance  d  for  a  given  visual  angle  V, 
is  S^d  tan.  V.  Thus  if  the  angle  is  1',  an  object  can  be  seen  at  a  distance, 
approximately,  3,500  times  its  own  diameter;  if  15"  it  is  14,000  times,  and 
so  on.  Although  the  recognition  of  a  body  depends  on  its  smallest  diameter, 
a  long  body  can  be  better  distinguished  than  a  round  one;  a  thin  line  can 
be  seen  when  a  point  of  similar  diameter  is  invisible.  A  man,  to  be  recog- 
nized as  such,  can  be  seen  under  an  angle  of  5'  or  a  little  less,  but  the  in- 
dividual parts  subtend  an  angle  of  about  1',  the  distance  being  about  two- 
thirds  of  a  mile.  A  white  object,  on  a  dark  ground,  without  details  in  sun- 
light, may  be  seen  under  an  angle  of  30" — e.g.,  a  stone  1  foot  square  can  be 
seen  at  about  1  mile.  For  a  round  or  square  body  the  smallest  visual  angle, 
under  favourable  circumstances,  may  be  taken  as  15"  to  25",  and  for  a  line 
as  3"  to  5".  A  near  bright  object,  as  a  minute  speck  of  glistening  metal, 
may  be  seen  under  an  angle  of  1"  or  2",  while  a  spider  web  in  a  bright  field, 
or  an  illuminated  wire,  is  visible  when  it  subtends  an  angle  no  larger  than, 
say,  1/2".  But  a  body,  such  as  a  star,  is  clearly  visible  to  the  naked  eye, 
although  the  angle  it  subtends  is  too  small  for  measurement.  The  limita- 
tions, therefore,  in  this  case  are  merely  dependent  on  its  brightness.  All 
that  is  required  is  that  the  light  should  possess  sufficient  intensity  to  stimu- 
late a  nerve  fibril  in  a  single  cone.  The  light  from  a  star  can  be  amplified  by  a 
telescope  an  indefinite  number  of  times,  but  it  still  has  no  definite  magnitude, 
and  a  telescope  makes  visible  an  otherwise  invisible  star  by  collecting  the 
light  from  it,  and  so  increasing  its  brightness.  What  is  seen  is  the  light  from 
the  star,  not  the  star  itself,  so  that  no  impression  of  distance  or  magnitude 
is  obtained. 

Light  Sensation. — It  is  supposed  that  the  sensation  of  light  is  due  to  the 
stimulus  given  to  the  terminals  of  the  rods,  and  discrimination  between 
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differences  of  detail  to  that  given  to  the  cones.  The  cones  are  much  more 
abundant  than  the  rods  at  the  highly  sensitive  macula,  and,  at  the  fovea, 
the  rods  are  entirely  absent.  Moreover,  the  foveal  and  macular  cones  are 
smaller  than  those  in  the  peripheral  regions ;  on  the  other  hand,  towards  the 
era  serrata,  where  there  is  almost  complete  absence  of  perception  of  details, 
the  cones  are  comparatively  few  in  number;  hence  the  deduction  that  acute 
vision  depends  on  the  cones,  and  light  appreciation  rather  on  the  rods.  The 
fovea  is  not  the  most  sensitive  part  of  the  retina  to  very  feeble  luminants 
or  objects  of  feeble  luminosity;  these  appear  to  be  better  seen  by  means  of 
the  rods  than  of  the  cones.  For  instance,  a  very  faint  star,  invisible  at  the 
fovea,  can  be  seen  if  its  image  falls  a  little  to  one  side  of  it.  Many  nocturnal 
animals  have  few  or  no  cones  at  all. 

Illumination  and  Visibility. — The  visibility  of  an  object  increases  with 
the  luminosity  up  to  a  certain  point,  beyond  which  the  intensity  of  the  light 
causes  dazzling  and  confusion  from  internal  reflections  and  intra-ocular 
haze  due  to  the  imperfectly  transparent  media  of  the  eye,  with  consequent 
blurring  of  the  image.  The  effect  is  increased  if  the  light  is  very  powerful, 
because  a  certain  amount  passes  through  the  iris  and  sclerotic.  One  cannot 
see  the  sun  unless  the  intensity  of  the  light  be  greatly  modified  by  smoked 
glasses,  or  fog,  or  otherwise;  intensely  brilliant  head-lights  on  motor-cars, 
etc.,  simply  cause  confusion,  whereas  less  powerful  ones  would  be  more 
efficacious.  A  body  is  best  seen  if  it  be  sufficiently  luminous  or  illuminated, 
and  in  good  contrast  with  its  surroundings. 

A  self-luminous  body  is  seen  darker  if  the  surrounding  light  is  more 
powerful  than  that  of  the  body ;  points  like  stars  are  invisible  in  the  daytime. 
A  candle  flame  is  barely  visible  in  bright  sunlight,  but  can  be  seen  a  very 
long  distance  away  on  a  dark  night. 

Habit,  however,  enables  a  person  to  see  under  conditions  of  illumination 
which  would  be  impossible  for  those  unaccustomed  to  them.  Even  in 
ordinary  circumstances  a  sudden  change  from  brightness  to  partial  obscurity, 
or  vice  versa,  makes  clear  vision  impossible,  as  when  one  passes  from  bright 
light  into  a  darkened  room,  or  from  the  latter  to  the  former,  although  in  a 
few  minutes  the  eyes,  becoming  accustomed  to  the  altered  illumination,  see 
with  sufficient  distinctness  (vide  Visual  Purple). 

The  Visual  Threshold. — The  lowest  degree  of  visual  acuity  consists  of  the 
bare  appreciation  of  the  difference  between  light  and  darkness ;  one  possessing 
less  than  this  is  quite  blind.  The  lowest  limit  of  light  that  can  be  observed 
by  an  eye  is  termed  its  ligJit  threshold,  and  this  varies  in  different  people. 
It  can  be  represented,  for  a  normal  eye,  by  a  piece  of  white  paper  feebly 
illuminated  and  placed  about  200  metres  away  on  a  black  background. 

Fechner's  Law. — According  to  Fechner,  the  least  appreciable  increase  of 
stimulus  follows  a  definite  law,  which  holds  good  for  all  sensations,  and,  as 
regards  light,  a  difference  of  about  1  per  cent,  in  the  intensities  of  two  sources 
of  illumination  can  be  just  ajjpreciated.     This  law,  however,  only  holds  true 
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for  light  of  medium  intensity.  Slight  stimuli  of  any  kind  are  not  noticed, 
so  that  differences  between  feeble  lights  cannot  be  perceived  by  the  eye  at 
all.  Very  intense  stimuli  produce  a  similar  result,  for,  however  much  they 
are  increased,  no  further  increment  in  intensity  can  be  detected.  In  very 
feeble,  or  in  very  intense,  light  all  things  appear  equally  dark  or  light 
respectively. 

Differences  in  size  of  two  bodies  can  be  appreciated  if  it  amounts  to  some 
2i  per  cent.     This  again  does  not  apply  for  very  large  or  very  small  bodies. 

Measuring  the  Light  Sense. — Forster's  photometer,  used  for  this  purpose, 
consists  of  a  box  blackened  inside  and  with  two  openings  for  the  observer's 
eyes.  At  the  back  of  the  chamber,  opposite  the  sight  holes,  there  is  a  series 
of  white  stripes  on  the  black  ground.  A  light  is  placed  behind  an  aperture, 
of  variable  size,  so  that  the  stripes  are  illuminated  to  any  desired  degree. 
The  person  to  be  tested  looks  through  the  apertures  and  gazes  into  darkness 
for  half  a  minute  or  so.  The  aperture  is  then  slowly  opened  until  the  stripes 
can  just  be  seen,  and  a  scale  connected  with  the  aperture  shows  the  degree 
of  light  sense.  Test-types,  or  figures,  can  be  substituted  for  the  stripes, 
and  coloured  plates  can  be  placed  in  front  of  the  aperture,  so  that  the  Hght 
necessary  for  colour  perception  can  be  measured. 

The  light  sense  can  also  be  tested  by  light  grey  letters,  of  graduated 
sizes  and  shades,  on  a  black  background,  placed  at  such  a  distance  that  they 
can  just  be  seen  by  a  normal  eye;  if  the  light  sense  is  deficient  the  letters 
must  be  approached  in  order  that  they  be  seen.  Or  it  can  be  tested  by  a 
photometer  in  which  two  discs  are  viewed,  and  the  one  is  made  darker  by  a 
smoked  glass;  the  smallest  appreciable  difference  in  the  appearance  of  the 
two  discs  is  the  light  difference  (L.  D.).  If  the  darkened  disc  be  looked  at 
and  gradually  lightened,  the  smallest  degree  of  illumination  noted  represents 
the  light  miniimon  (L.  M.). 


CHAPTER  IV 
COLOUR  AND  COLOUR  VISION 

Composition  o£  Solar  Light. — Solar  light,  which  is  white,  can  be  resolved, 
by  dispersion,  into  seven  distinct  colours,  viz.,  red,  orange,  yellow,  green, 
blue,  indigo,  and  violet.  Some  authorities  omit  indigo  and  consider  the 
spectrum  to  consist  of  six  main  colours,  and  some  even  omit  the  yellow, 
which  colour  indeed  occupies  but  a  small  space  in  the  spectrum.  The  com- 
bination of  these  colours  in  correct  proportion  produces  white  light. 

The  sensation  of  red  is  produced  by  comparatively  long  waves  of  low 
frequency,  the  sensation  of  violet  by  short  waves  of  high  frequency,  while 
the  intermediate  colours  are  produced  by  wave  lengths  and  frequencies 
between  these  two  limits.  Wave  lengths  beyond  certain  limits — on  both 
sides — do  not  excite  any  sensation  of  light. 

Cause  of  Colour. — Ethereal  waves  of  certain  length  and  frequency  always 
produce  the  mental  sensation  of  a  definite  colour  in  a  person  of  normal  colour 
perception.  Whether  the  length  of  the  wave  or  its  frequency,  or  both,  give 
rise  to  the  definite  sensation  and  whether  the  retina  or  the  mind  differentiates 
between  the  various  waves,  are  points  not  yet  settled.  Most  colours  can 
be  produced  also  by  combining  others  together. 

Primary  and  Secondary  Colours. — It  was  shown  by  Young,  and  confirmed 
by  Helmholtz,  that  every  colour  in  nature  can  be  obtained  from  red,  green 
and  violet  by  combining  two  of  them,  or  the  three,  in  certain  proportions, 
whereas  these  three  colours  cannot  be  produced  by  mixing  others.  For  this 
reason  they  are  called  'primaries  and  the  other  spectrum  colours  are  called 
secondaries.  Thus  red  and  green,  in  varying  proj^ortions,  produce  orange 
and  yellow,  while  green  and  violet  produce  blue  or  indigo.  Red  and  violet 
produce  purple  which,  however,  is  not  in  the  spectrum.  Colours  not  found 
in  the  spectrum  result  from  the  mixture  of  non-adjacent  wave  lengths. 

Complementary  Colours. — All  the  spectrum  colours  are  not  required  to 
produce  white  light;  it  suffices  if  any  two  which  are  complementary  to  each 
other  are  combined.  Hence  a  complementary  colour  may  be  defined  as  that 
which,  when  united  with  another,  produces  white  light.  The  complement 
of  a  primary  colour  is  that  secondary  colour  which  results  from  the  mixture 
of  the  other  two  primaries.  The  complement  of  a  secondary  colour  is  mainly 
that  primary  colour  which  is  not  contained  in  it.  Thus  white  light  always 
contains  certain  proportions  of  the  three  primary  colours.  Visually  one  can 
learn  the  complement  of  any  colour  by  producing  a  negative  after  image  (g'.-y.), 
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SPECTRUM  COLOURS  AND  THEIR  COMPLEMENTS. 

Spectrum  Colovr.  Ccvtjdemcni. 

Red.  Green-blue. 

Orange.  Blue. 

Yellow.  Blue-violet. 

Green.  Purple-red. 

Blue.  Orange. 

Indigo.  Orange-yellow. 

Violet.  Green-yellow. 

Brightness  of  Colours. — In  a  prismatic  spectrum  the  red  appears  brighter 
than  the  violet  because  the  former  is  more  crowded  together  while  the  latter 
is  spread  out.  This  is  not  the  case,  to  the  same  degree,  in  a  diSraction 
spectrum  where  the  central  colour  is  yellow,  the  remainder  of  the  spectrum 
being  of  about  equal  length  on  each  side.  The  brightest  part  of  the  spectrum 
to  the  human  eye  is  the  yellow  and,  in  general,  the  intensity  rises  rapidly 
from  zero,  at  the  extreme  red,  to  the  yellow  and  then,  dropping  off  again 
but  more  slowly,  to  zero  at  the  extreme  violet. 

Colours  of  Bodies. — ^A  substance  is  said  to  be  of  certain  colour  when  it 
reflects,  or  transmits,  rays  of  certain  wave  lengths  and  absorbs  the  rest  of 
the  spectrum.  Thus  an  object  which  absorbs  the  violet  and  green  and 
reflects  the  red  waves,  appears  red.  If  it  absorbs  red  waves,  and  reflects 
green  and  violet,  it  appears  blue.  A  green  body  absorbs  all  but  the  green 
waves  and  one  orange  in  colour  reflects  red  and  green,  but  absorbs  violet. 
The  colour  reflected  by  a  body  is  usually  the  same  as  that  which  it  transmits, 
but  some  bodies — termed  dichroic — transmit  the  complementary  colour  to 
that  which  they  reflect,  or  a  different  colour ;  thus  a  thin  sheet  of  gold  reflects 
deep  yellow  and  transmits  green. 

The  colour  of  a  body  depends  on  its  thickness,  and  there  is  a  marked 
variation  with  thickness  in  the  colour  of  some  transparent  or  semi-transparent 
substances.  Thus  creme  de  menthe  appears  by  transmitted  light  green, 
yellow  and  red  as  it  is  respectively  thin,  medium  or  thick.  Permanganate 
of  potash  which  is  a  deep  purple,  almost  black,  as  a  dry  substance  becomes 
in  solution  red,  purple  or  dark  blue  according  to  its  strength.  A  piece  of 
smoked  glass  which  if  thin,  appears  greenish  by  transmitted  Light  may  trans- 
mit a  brilliant  red  if  it  is  thicker.  A  certain  depth  is  needed  for  absorption 
of  colour  to  occur ;  thus  the  froth  of  water  and  powdered  ice  are  pure  white 
as  are  many  other  coloured  bodies  when  powdered. 

Dark  colours  reflect  little  light  aud  slight  differences  between  them  are 
hardly  appreciated  in  dull  illumination ;  similarly,  light  colours  reflect  much 
light,  and  slight  differences  are  hardly  noticed  in  very  bright  illumination. 
All  colours  lose  their  distinctive  hue  in  proportion  as  the  light  reflected 
becomes  reduced.  Thus,  with  dull  illumination,  all  colours  appear  dark 
grey. 

A  body  reflecting  light  of  all  wave-lengths  is  called  white;  a  body  having 
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affinity  for  all  colours,  so  tliat  all  are  absorbed  and  none  reflected,  is  called 
black.  No  body,  however,  is  of  a  substance  so  chemically  pure  as  to  absorb 
entirely  or  reflect  all  the  incident  light.  An  absolutely  black  body  does  not 
exist  in  nature;  even  those  coated  with  lamp-black  and  soot  reflect  some 
light,  which  renders  them  visible  and  allows  of  their  form  and  solidity  being 
recognized.  Similarly  there  is  no  object  which  reflects  all  the  light  it  re- 
ceives; pure,  fresh  snow,  which  is  the  whitest  of  all  bodies,  absorbs  some 
30  per  cent,  of  the  light  it  receives. 

Colour  is  a  quality  of  the  illuminating  light  itself,  as  well  as  of  the  body 
which  reflects  it.  In  order  to  appear  of  a  certain  colour,  the  object  must 
receive  that  colour  in  the  light  and  reflect  it,  at  the  same  time  absorbing  all 
the  other  colours. 

White,  grey  and  black  are  really  varying  degrees  of  brightness,  the  only 
difference  between  them  being  in  the  total  amount  of  light  reflected.  In 
all  three  the  absorption  is  the  same  for  all  colours,  i.e.  there  is  no  selective 
power  as  with  coloured  bodies,  but  the  extent  of  the  absorption  varies  in 
the  three  cases. 

Colours  in  Pigments. — The  primary  colours  in  pigments  (paints  or  colour- 
ing matter)  are  red,  yellow,  and  blue ;  any  other  colour  is  obtained  by  mixing 
the  primaries.  The  actual  tints  of  the  primaries  are  not  those  usually  asso- 
ciated with  their  names,  except  in  the  case  of  the  yellow,  which  is  fairly 
pure ;  the  primary  blue  tends  towards  green,  and  the  red  towards  purple,  and 
these  would  be  better  described  as  peacock  blue  and  rose  red  respectively. 

The  primaries  and  their  complements  are  shown  in  the  diagram  (Fig.  35), 
from  which  it  will  be  seen  that  tJie  primaries  of  pigments  are  the  complements 
of  the  primaries  of  light.  Thus  1,  6  and  10  are  the  primaries  of  light  and 
4,  7  and  12  are  the  primaries  of  pigments. 

The  Mixing  of  Colours. — The  fundamental  difference  in  the  results  ob- 
tained by  mixing  spectrum  lights  and  pigment  colours  lies  in  the  fact  that 
the  former  is  an  additive  and  the  latter  a  subtractive  process.  In  other  words, 
the  coloration  of  mingled  lights  is  due  to  the  sum  of  the  separate  wave 
lengths,  while  the  resultant  colour  given  off  by  the  mixture  of  pigments  is 
that  remaining  after  each  pigment  has  absorbed  a  certain  wave  or  series  of 
wave  lengths.  The  tendency  of  added  lights  is  to  give  increased  illumination 
and  to  approximate  to  white,  while  with  j)igments  a  mixture  tends  towards 
black.  Thus,  when  the  primaries  of  Hght,  i.e.,  red,  green  and  blue-violet 
are  mingled — projected,  say,  from  three  separate  lanterns — the  white  screen 
reflects  all  three  impartially  to  the  retina  where  their  superposition  produces 
the  sensation  of  white.  With  pigments,  however,  the  final  colour  is  due  to 
that  remaining  after  each  pigment,  in  a  certain  mixture,  has  absorbed,  from 
the  incident  white  light,  its  own  complement. 

In  this  way  the  primary  colours  of  pigments  are  those  capable  of  absorbing 
the  three  primaries  of  white  light,  i.e.,  red,  green,  and  blue-violet,  whose 
respective  complements  are  green-blue  (peacock  blue,)  purple-red,  and  yellow. 
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These  last  three  are  therefore  the  primaries  of  pigments  because,  when  mixed 
in  the  right  proportion,  they  (theoretically)  produce  black.  In  practice, 
however,  owing  to  the  inevitable  impurities  of  pigments  and  the  impossi- 
bility of  securing  the  correct  proportions,  the  result  is  a  dark  grey.  For 
the  same  reason  it  is  impossible  accurately  to  match  the  spectrum  colours 
by  means  of  pigments,  and  this  is  especially  the  case  towards  the  violet  end. 
In  fact  we  cannot  imitate  spectrum  violet  by  any  known  pigment  or  com- 
bination of  pigment  colours. 

In  some  instances  the  effect  of  a  pigment  mixture  may  be  surjDrisingly 
different  from  the  result  of  mingling  lights  of  corresponding  colours.  Thus 
blue  and  yellow  pigments  combined  make  green.  From  an  additive  aspect 
the  blue  reflects  violet  and  green,  the  yellow  reflects  red  and  green;  if  the 
two  be  mixed,  there  is  reflected  a  certain  quantity  of  violet  and  red  and  a 
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double  quantity  of  green,  so  that  the  residual  green  gives  the  colour  to  the 
mixture  of  the  two  pigments ;  or,  from  a  subtractive  aspect,  the  blue  absorbs 
red,  the  yellow  absorbs  violet,  so  that  the  green  only  remains  to  be  reflected. 
If,  however,  blue  and  yellow  lights  are  mingled  in  the  right  proportion  on 
a  white  screen  they  cause  the  sensation  of  white.  Red  and  blue-green  are 
complementary  colours  which,  added  to  one  another,  produce  white  in  the 
case  of  coloured  lights  (additive  effect)  but  neutralize  each  other,  i.e.,  produce 
(theoretical)  black  in  the  case  of  pigments  (subtractive  effect).  If  red  and 
yellow  lights  are  mixed,  they  cause  the  colour  sensation  of  orange;  if  pig- 
ments of  these  colours  be  mixed  they  also  reflect  orange  since  both  absorb 
practically  the  same  wave  lengths. 

The  additive  effect  in  the  case  of  light  can  be  roughly  imitated  by  painting 
yellow  and  blue  sectors  alternately  on  a  disc  which,  when  rapidly  rotated, 
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gives  the  impression  of  white  if  the  proportions  of  colour  are  correct.  Here 
the  yellow  and  blue  alternate  so  rapidly  on  the  retina  that  the  sensations 
caused  by  alternate  sectors  are  mingled  and  give  rise  to  the  sensation  of 
white.  The  experiment  must,  however,  be  carried  out  in  white  light,  but 
even  then  the  effect  is  generally  far  from  pure  owing  to  the  muddiness  of 
the  pigments,  and  in  fact  it  is  so  dirty  a  white  that  it  might  more  properly 
be  termed  grey. 

Newton,  from  experiments,  gave  the  best  sizes  of  the  sectors  of  a  disc, 
consisting  of  reproductions  of  the  seven  principal  spectrum  colours,  to  pro- 
duce the  sensation  of  white.     The  values  are  approximately  as  follows:- — 

Ked60°  Orange  35°         Green  60°  Blue  55°  Violet  60° 

Yellow  55°  Indigo  35° 

By  increasing  the  number  of  sectors,  and  repeating  the  seven  spectrum 
colours  in  the  above  proportions  all  round  the  disc,  a  still  better  white  is 
secured. 

Qualities  of  Colours. — Colours  in  pigments  possess  three  qualities,  viz., 
tone,  brightness  and  purity.  Tone  or  hue  is  that  quality  which  differentiates 
between  the  various  colours — say  red  and  orange;  it  depends  on  the  wave 
length.  Brightness,  intensity,  or  luminosity  is  that  quality  which  represents 
the  strength  of  a  colour  and  depends  on  the  amount  of  light  reflected;  one 
which  reflects  little  light  is  a  dark  colour,  and  one  which  reflects  much  light 
is  a  light  colom-.  Fullness,  saturation,  tint  or  jmrity  is  that  quality  which 
represents  the  depth  of  a  colour;  the  less  the  admixture  of  white  or  black 
the  purer  is  the  colour.  Eed  mixed  with  white  forms  pink,  whereas  red 
mixed  with  black  makes  a  kind  of  maroon;  yellow  and  orange  become  straw 
and  brown  according  as  they  are  mixed  respectively  with  white  and  black. 
Thus  we  say  that  yellow  or  orange  is  a  pure  colour,  while  straw  and  brown 
are  impure. 

Coloured  Bodies  and  Lights.— The  real  colour  of  a  body  is  that  which  it 
exhibits  in  white  sunlight;  when  seen  by  artificial  light  it  will  generally  be 
appreciated  as  of  the  same  colour,  provided  the  luminant  radiates  all  the 
spectrum  colours.  It  might,  however,  appear  of  a  different  tone,  or  intensity 
or  tint,  due  to  the  fact  that  some  particular  colour  usually  predominates 
in  artificial  light,  and  therefore  the  mental  standard  of  white  is  temporarily 
shifted  towards  that  colour.  Thus  ordinary  gaslight- — not  incandescent — 
contains  an  excess  of  red  and  yellow,  while  blue  and  violet  are  the  prevailing 
colours  in  the  electric  arc.  The  nearer  the  colour  of  a  body  approaches  to 
that  of  the  illuminant  the  whiter  will  it — the  body — appear;  on  the  other 
hand,  should  the  coloar  of  the  body  be  nearly  complementary  to  that  of  the 
illuminant  it  will  appear  darker  than  it  would  if  viewed  in  white  light.  Should 
the  light  be  of  a  colour  exactly  corresponding  to  that  which  the  body  absorbs, 
none  will  be  reflected  and  the  body  will  consequently  appear  black.  Of 
course  a  white  body  seen  by  coloured  light  is  really  coloured  although  it  is 
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generally  interpreted  mentally  as  white,  and  it  certainly  is  so  accepted  if  the 
coloration  of  the  luminant  be  not  excessive. 

Thus,  for  instance,  green  is  seen  as  green  in  a  light  which  is  white  or 
which  contains  all  the  spectrum  colours,  but  it  will  be  modified  if  any  one 
colour  predominates  in  the  light ;  it  will  appear  white  if  the  light  is  green, 
or  if  green  largely  predominates,  and  it  will  be  black  in  a  pure  red  light. 
If  a  coloured  body  be  viewed  by  the  one  eye  by  daylight,  and  by  the  other 
by  artificial  light,  its  colour  is  markedly  different  to  the  two  eyes.  Again 
these  dift'erences  vary  as  the  eyes  were  previously  adapted  for  daylight  or 
the  artificial  light.  Painting  and  matching  colours  are  always  difl&cult  in 
artificial  light,  and  some  blues  and  greens  can  barely  be  distinguished  by 
gaslight  and  still  less  by  lamp  or  candle  light. 

Coloured  Bodies  and  Glasses.— The  conditions  are  very  similar  to  those 
considered  in  the  last  article. 

All  colours  are  profoundly  modified  when  viewed  through  coloured  glass, 
as  the  reader  can  prove  for  himself.  If  the  coloured  glass  absorbs  the  rays 
reflected  by  the  body,  the  latter  appears  black;  it  appears  white,  or  at  least 
indistinguishable  from  white,  if  the  glass  is  of  the  same  colour.  Here  the 
colour  of  the  glass  is  temporarily  the  mental  standard  of  white.  Thus  red 
letters  on  a  black  ground,  viewed  through  a  green  glass  of  the  proper  shade, 
become  invisible  (as  in  the  "  FRIEND  "  test),  the  red  rays  reflected  or 
transmitted  by  the  letters  not  traversing  the  glass.  Red  letters  on  a  white 
ground,  seen  through  a  red  glass  of  proper  shade,  similarly  become  in- 
visible, the  whole  being  of  uniform  tint.  On  looking  at  a  green  object  on  a 
red  ground  through  a  piece  of  green  glass,  one  sees  an  apparently  white 
object  on  a  black  ground. 

Thus  there  is  the  curious  circumstance  that  a  colour  can  be  made  invisible 
by  the  use  of  a  glass  of  its  own  colour  or  by  one  of  its  complementary  colour. 
In  the  first  case  the  invisibility  results  from  relative  brightness,  and  in  the 
second  from  relative  darkness  of  that  colour,  or  put  in  another  way,  by 
saturation  and  exclusion  respectively. 

Shadows. — A  shadow  is  cast  by  a  body  when  it  intercepts  the  light  from 
a  source,  so  that  a  dark  space  may  be  seen  on  the  wall  or  ground  where  the 
shadow  is.  The  latter,  resulting  from  the  interception  of  white  light,  appears 
grey  or  black  because  less  light,  or  none  at  all,  is  reflected  from  that  area 
of  the  wall  or  ground  occupied — if  one  may  use  the  term — by  the  shadow. 

The  shadow  resulting  from  the  interception  of  a  coloured  light  appears 
to  be  of  the  colour  complementary  to  that  of  the  light.  This  occurs  because 
the  illumination  of  the  ground  is  coloured  and  the  light  reflected  from  it  is 
mentally  taken  as  the  zero  of  the  scale  of  colour  sensation  and  the  darkened 
space,  i.e.  the  shadow,  then  appears  complementary  to  that  light.  If  two 
shadows  are  cast — the  one  by  a  red  and  the  other  by  white  light — the  shadow 
resulting  from  the  red  light  appears  greenish  as  the  result  of  contrast  with 
the  reddish  ground,  and  with  the  other  shadow  which  is  tinged  with  red 
since  it  receives  only  that  coloured  light. 
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Superposition  of  Coloured  Glasses. — When  two  coloured  glasses  are  placed 
together  we  have  an  example  of  the  subtractive  process  similar  to  that  seen 
in  the  mixture  of  pigments.  The  first  glass  eliminates  from  incident  white 
light  all  but  its  own  colour  and,  if  the  second  glass  is  the  same  as  the  first, 
no  further  alteration  takes  place  except  a  slight  reduction  in  intensity  due 
to  absorption.  If  the  second  glass  is  not  of  the  same  colour  as  the  first, 
a  certain  amount  of  absorption  by  subtraction  takes  place  in  the  second 
and  the  more  nearly  complementary  are  the  two  glasses  the  more  nearly 
will  the  whole  of  the  incident  light  be  cut  ofi.  For  example,  if  a  blue-green 
and  a  red,  or  an  orange  and  blue  glass,  be  placed  together,  the  light  trans- 
mitted by  the  one  is  absorbed  by  the  other  and  the  combination  rendered 
opaque.  Cobalt  glass  transmits  red  and  blue,  ordinary  green  glass  transmits 
blue  and  green;  on  the  two  being  placed  together  original  white  light  trans- 
mitted appears  blue,  since  the  blue  is  transmitted  by  each  but  the  remaining 
colours  absorbed. 

Sensitivity  of  the  Eye  to  Different  Colours. — Green,  which  prevails  in 
nature,  fatigues  the  eye  least  of  all  the  colours;  then  blue-grey,  purple, 
yellow,  orange  and  red,  the  last  being  the  most  fatiguing.  For  this  reason 
billiard-tables  are  covered  with  green  cloth  and  blinds  are  usually  of  that 
colour.  The  sea  and  sky  are  blue,  red  and  orange  occurring  only  in  patches, 
or  occasionally  as  at  sunset;  the  eye  is  able  to  bear  those  colours  best  which 
are  most  widely  distributed  in  nature  and  most  likely  in  consequence  of  it. 
The  human  eye  is  most  sensitive  to  yellow  whether  seen  in  the  spectrum 
or  by  reflected  light.  A  clear  distinction  must,  however,  be  drawn  between 
seeing  a  coloured  body  and  distinguishing  its  characteristic  colour,  whether 
with  res]3ect  to  distance  or  feeble  illumination.  If  the  colours  are  equaLy 
intense,  yellow  and  red  can  be  seen  farther  than  others.  Generally,  as  a 
characteristic  and  recognized  colour,  red  is  the  most  persistent  of  all;  owing 
to  its  long  wave  length  it  freely  penetrates  haze,  fog  or  smoke  glass,  while 
the  penetration  of  other  colours  follow  more  or  less  in  the  order  of  the  spec- 
trum. For  this  reason  red  is  employed  as  the  danger  signal,  while  blue- 
green  is  employed  as  the  contrast  signal,  on  railways  and  ships.  The  sun 
appears  redder  at  sunrise  and  sunset  than  at  midday,  and  also  in  fog,  the 
blue-violet  end  of  the  spectrum  being  absorbed  by  the  atmosphere. 

In  a  feeble  light  all  colours  lose  their  distinctive  coloration  and  while 
blue,  as  a  colour,  would  disappear  before  red,  a  blue  body  would  be  visible 
when  a  red  one  was  no  longer  so,  as  mentioned  in  the  next  article.  Yellow, 
the  first  to  disaj^pear  as  a  colour,  is  the  last  to  remain  visible  in  a  dull  light. 

Purkinje's  Experiment. — The  greater  the  power  of  a  source,  as  measured 
by  a  photometer,  no  matter  what  its  colour  may  be,  the  more  nearly  does 
it  ajiproximate  to  white.  Conversely  as  the  intensity  is  lowered  all  colours 
approximate  to  black  but  the  approximation  is  not  the  same  for  all.  Thus 
the  sun  viewed  through  glass  of  any  colour  appears  whitish;  while  if  its 
image  be  projected  by  means  of  a  convex  lens  through  any  coloured  glass, 
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the  focus  will  also  appear  nearly  white  provided  the  density  of  the  glass 
be  not  excessive.  Purkinje,  in  experimenting  with  feeble  illumination,  dis- 
covered that  vision  for  the  shorter  waves  was  more  persistent  than  for  the 
longer  ones.  If  two  parts  of  the  sj^ectrum,  say  red  and  blue,  be  taken  and 
rendered  equally  intense,  the  red  will  appear  to  most  people  as  being  the 
brighter;  but  as  the  illumination  is  lowered  the  red  fades  more  rapidly  than 
the  blue  so  that,  when  the  red  has  altogether  disappeared,  the  blue  is  still 
visible  as  pale  grey.  Similar  phenomena  may  be  noted  with  coloured 
bodies,  e.g.  when  red  and  blue  paper  are  viewed  in  light  sufficiently  feeble 
to  render  the  red  black,  the  blue  will  still  be  visible  as  greyish. 

Sensitivity  to  Intensity. — Although  the  eye  is  well  adapted  for  distin- 
guishing between  the  tints  of  two  bodies,  it  is  very  defective  in  detecting 
the  difference  in  intensity  between  two  differently  coloured  sources.  With 
practice  we  can  observe  a  difference  in  the  hue  between  two  colours  having 
only  a  small  difference  in  wave  length,  but  we  generally  fail  to  get  within 
even  an  approximate  estimate  of  their  relative  intensities.  According  to 
Fechner,  the  eye  is  capable  of  detecting  a  difference  of  1  per  cent,  in  two 
adjacent  white  surfaces  of  average  illumination,  but  with  colours  an  estimate 
of  such  accuracy  is  quite  impossible  and  the  difficulty  increases  as  the  colours 
chosen  are  opposite  in  nature,  i.e.  complementary.  Thus  if  a  red  and  a 
green  source  be  taken,  their  difference  in  colour  is  most  apparent,  except 
to  a  colour-blind  person,  but  practically  everyone  would  make  large  errors 
as  to  their  relative  intensities.  It  is,  however,  possible  to  balance  photo- 
metrically the  intensities  of  any  two  coloured  sources,  but  even  then  another 
difficulty  arises  and  that  is  the  change  in  sensitivity  of  the  eye  to  the  various 
hues  as  their  intensity  is  uniformly  varied.  This  phenomenon  was  first 
discovered  by  Purkinje  and  afterwards  elaborated  by  others. 

Colour  Fatigue  and  After-images.  —If  the  retina  be  subjected  to  pro- 
longed exposure  to  light  of  a  certain  colour  we  have  the  condition  known  as 
retinal  fatigue,  the  immediate  effect  of  which  is  to  cause  temporary  blindness 
for  that  particular  colour.  Some  little  time  elapses  before  the  retina  recovers 
its  normal  sensitivity  but  recovery  is  generally  hastened  by  blinking  and 
moving  the  eyes  about.  This  phenomenon  may  be  easily  demonstrated  in 
various  ways.  Thus  if  we  stare  intently  for'a  few  minutes  at  a  row  of  letters 
coloured  alternately  red  and  green  and  then  suddenly  transfer  our  gaze  to 
a  white  or  grey  surface  such  as  a  ceiling,  the  outlines  of  the  letters  will  be 
seen  but  in  complementary  colours,  those  that  were  originally  green  appear- 
ing red  and  vice  versa.  Or  we  may  take  as  an  object  a  blue  paper  cross  on 
a  yellow  background,  the  after-image  of  which  appears  as  a  yellow  cross  on 
a  blue  ground  and  so  on.  The  after-image  of  a  white  cross  on  a  black  ground 
would  be  a  dark  cross  on  a  light  ground. 

The  nerves,  on  saturation  by  a  colour,  are  apparently  rendered  abnormally 
sensitive  to  its  complement,  but  actually  this  is  due  to  their  inability  to 
respond  to  the  original  colour  after  prolonged  exposure  (vide  Visual  Pheno- 
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mena,  Chapter  XVI.).  By  means  of  a  coloured  glass,  we  can,  when  it  is 
removed,  thus  render  the  eye  temporarily  blind  for  that  particular  colour  ; 
but  with  the  glass  kept  in  position,  the  colour  to  which  the  eye  is  artificially 
blind  is  comjilementary  to  that  of  the  glass. 

The  Mental  Standard  of  White.- — Saturation  of  the  retina  by  any  colour 
causes  the  standard  to  be  displaced ;  the  mind  accepts  that  colour  as  the  zero, 
just  as  white  is  considered  to  be  the  zero  in  ordinary  circumstances.  Thus, 
if  on  a  coloured  sheet  a  very  small  piece  of  white  be  placed,  the  latter  appears 
of  the  complementary  colour  to  that  of  the  other.  If  the  sheet  be  red,  this 
presently  appears  more  nearly  white,  and  the  white  then  appears  bluish- 
green.  It  would  ajjpear  that  one  mentally  conceives  as  white  that  body 
which  reflects  most  light,  and,  generally,  that  a  white  body  is  white  whether 
seen  by  sunlight  or  coloured  artificial  light,  although  actually  the  appear- 
ance would  be  quite  different  if  a  comparison  were  possible.  We  do  not, 
in  reddish  gaslight,  take  white  to  be  other  than  white,  for  our  colour  standard 
is  then  altered  for  the  coloured  light.  It  is  for  this  reason  that  a  red  body 
on  a  white  ground,  seen  through  a  red  glass,  is  indistinguishable  from  the 
ground,  since  they  both  appear  the  same  whitish  colour. 

Perception  of  Black. — A  black  object  is  seen  because  a  retinal  image  is 
formed  of  the  surroundings,  i.e.  the  mind  appreciates  the  gap  in  the  visual 
field.  Nevertheless  a  black  body  does  radiate  some  light  and  most  likely 
it  is  appreciated  as  an  intensely  dark  grey,  i.e.  a  combination  of  black  and 
white  elements,  for  the  dift'erence  between  grey  and  black  is  merely  one  of 
degree.  Therefore  black  may  be  considered  a  colour  in  a  certain  sense,  for 
if  an  object  reflected  no  light  at  all,  it  would  be  invisible,  whereas  a  so-called 
black  body  is  mentally  appreciated.  Thus  a  solid  body,  black  in  a  popular 
sense,  is  seen,  not  as  a  flat  gap  in  the  visual  field,  but  as  a  body  having  three 
dimensions.  According  to  Hering  black  causes  a  distinct  sensation,  the 
complement  of,  or  ojDposing  sensation  to,  white. 

The  seeing  of  a  black  body  is  entirely  different  from  the  visual  sensation 
one  experiences  in  a  totally  dark  room,  and  this  is  quite  different  from  that 
of  an  image  projected  on  the  blind  spot  of  the  eye.  In  the  former  case,  one 
undoubtedly  perceives  the  darkness;  in  the  latter  case,  one  does  not  perceive 
anything,  and  therefore  one  is  unconscious  of  the  gap  in  the  visual  field. 
We  must  therefore  distinguish  between  the  absence  of  all  light  stimulation 
on  a  portion  of  the  normally  active  retina,  capable  of  conveying  a  colour 
sensation  to  the  brain,  and  absence  of  the  capacity  so  to  convey  it;  also 
between  partial  and  total  absence  of  light. 

Colour  Vision. — The  usually  accepted  interpretation  of  colour  vision  is 
that  known  as  the  Young -Helmholtz  theory.  According  to  this  theory  the 
retina  possesses  three  sets  of  elements,  each  one  responsive  to  the  stimulation 
of  one  of  the  three  primary  colours,  viz.  red,  green,  and  violet.  It  is  sup- 
posed that  red  light  stimulates  mainly  the  red  retinal  elements  but  also  to 
a  lesser  extent  the  green  and,  to  a  still  lesser  extent,  the  violet.     Similarly 
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the  violet  retinal  elements  are  mainly  stimulated  by  violet  light,  but  this 
also  slightly  stimulates  the  green  and  red  retinal  elements.  In  the  same 
way  the  green  elements  are  chiefly,  and  the  red  and  violet  elements  slightly, 
excited  by  green  light. 

Stimulation  of  one  of  the  three  elements  produces  the  sensation  of  a 
primary  colour;  stimulation  of  two  causes  a  sensation  of  a  secondary  colour; 
equal  stimulation  of  the  three  elements  causes  the  mental  appreciation  of 
white;  stimulation  of  the  three  to  varying  extents  causes  the  sensation  of 
the  predominant  colour  diluted  with  white.  Absence  of  one  or  more  of  the 
retinal  colour  elements  is  supposed  to  be  the  cause  of  colour  blindness. 

Yellow,  which  is  the  brightest  part  of  the  spectrum,  and  the  wave  length 
on  which  clear  vision  mainly  depends  is,  according  to  this  theory,  a  com- 
pound sensation,  as  is  also  spectrum  blue,  colours  which  in  the  spectrum 
have  definite  wave  lengths  even  if  they  are  also  capable  of  having  their 
sensations  produced  by  mixture  of  other  colours.     Indeed  it  is  difficult  to 
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Fig.  36. — Diagram  illustkating  the  Young-Helmholtz  Theoky  of  Colour 

Vision. 

The  letters  refer  to  Fraunhofer's  lines;  the  height  of  the  curve  corresponds  to  the  intensity, 
and  the  length  shows  the  part  of  the  spectrum  covered. 


conceive  that  the  retina  consists  wholly  of  red,  green  and  violet  elements, 
for  if  so  a  person  blind  for  one  colour  should  have  a  reduced  visual  acuity 
in  consequence ;  one  totally  colour  blind  should  be  also  totally  light  and  form 
blind,  but  neither  of  these  is  the  case. 

It  is  possible  that  some  of  the  retinal  elements  are  stimulated  by  all  light 
equally,  while  others  have  a  selective  faculty,  each  being  sensitive  to  a 
given  wave  length  only.  Or  maybe  the  faculty  of  discriminating  between 
the  eSects  of  waves  of  different  length  or  frequency  lies  in  the  brain,  there 
being  different  centres  for  colour,  light  and  form. 

Bering's  theory  of  colom*  vision  is  based  on  the  supposition  that  there 
are  three  pairs  of  sensations,  viz.  black  and  white,  red  and  green,  blue  and 
yellow.  The  sensation  of  white  results  from  decomposition  of  the  black- 
white  substance,  while  darkness  results  from  its  regeneration.  Red  or  green 
results  from  decomposition  and  regeneration  of  the  red-green  substance  and 
similarly  blue  and  yellow  of  the  blue-yellow  substance.  Various  other 
theories  of  colour  vision  have  also  been  advanced. 
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In  the  retinal  field  the  most  sensitive  area  for  colour  is  that  of  the 
macula,  surrounding  the  fovea,  whence  it  gradually  diminishes  up  to  the 
extreme  periphery,  which  may  be  said  to  be  totally  colour  blind.  But  in 
this,  as  in  so  many  other  points,  the  distinction  between  seeing  a  body  and 
seeing  its  colour  must  be  sharply  drawn. 

The  history  of  man  would  seem  to  indicate  that  the  colour  sense  is,  or 
has  been,  progressive.  The  colours  mentioned  by  ancient  writers  are  few 
in  number,  so  that  it  may  be  conceived  that  the  perception  of  different  colours, 
and  shades  of  colour,  has  increased  with  the  development  of  painting  and 
the  fine  arts.  Even  to-day  a  person  possessing  the  most  normal  colour  vision 
cannot  differentiate  between  closely  adjacent  portions  of  the  spectrum,  and 
one  has  to  view  fairly  distant  portions  in  order  to  be  able  to  appreciate  a 
real  difference  of  tint.  Nevertheless  among  dyers  and  milliners  the  sense  of 
colour  is  highly  developed;  by  training,  they  can  distinguish  fine  differences 
of  shade  and  hue  in  ribbons  and  dress  materials  which  to  one  untrained 
appear  more  or  less  the  same.  It  is,  then,  not  unreasonable  to  suppose  that 
colour  vision  is  a  highly  developed  faculty,  and  that  colour  blindness  is  a 
kind  of  reversion  to  an  ancestral  state  when  the  colour  sense  was  in  its 
infancy. 

The  Use  of  Coloured  Glasses  is  treated  of  in  Chap.  XVI. 


CHAPTER  V 
PRELIMINARIES  TO  SIGHT  TESTING 

Emmetropia — Derivation. — e/x,  in;  fierpov,  measure;  wi/',  eye. 

Definition. — Emmetropia  is  the  condition  of  a  normal  eye  in  which  the 
retina  is  situated  ati'',  the  principal  focal  distance  of  the  refracting  system, 
so  that,  ivith  Ac.  at  rest,  parallel  light  (Fig.  37)  focuses  on  the  retinal  rods 
and  cones.  Em.  is  that  condition  in  which  the  static  refractive  power  is 
proportional  to  the  axial  length,  and  therefore  the  condition  is  quite  inde- 
pendent of  the  actual  length  of  the  globe.  The  latter  may  be  longer  than 
usual,  with  a  lower  degree  of  refracting  power,  or  it  may  be  shorter,  with  a 


Fig.  37. 

higher  degree,  and  yet  be  emmetropic.  In  effect,  the  Em.  eye  is  one  that 
is  slightly  hypermetropic,  all  the  hypermetropia  being  latent  The  eye  at 
birth  is  probably  slightly  hypermetropic  or  nearly  emmetropic;  anyhow  this 
can  be  taken  to  be  the  normal  refractive  condition  when  it  is  first  really 
used — that  is  when  a  child  begins  to  look  and  see.  The  statistics  of  various 
authorities  on  the  ocular  condition  at  birth  all  show  a  high  preponderance 
of  H.,  although  some  give  a  certain  percentage  of  M.  and  all  give  a  fair  pro- 
portion of  Em.  Error  of  observation,  in  this  work,  must  be,  of  necessity, 
liable  to  occur. 

From  a  schematic  aspect,  the  Em.  eye  may  be  taken  to  be  22-2  mm.  in 
length,  and  the  reduced  eye,  previously  described,  as  20  mm.  The  latter, 
whose  posterior  focal  power  is  50  1).,  will  be  extensively  used  for  pui'poses  of 
illustration  in  the  following  pages,  and  in  so  far  as  refraction  is  concerned 
the  eye  is  Mien  regarded  as  if  it  were  a  lens  of  20  mm.  focal  length. 

Ilhstralioii  of  Emmetropia. — The  condition  of  Em.  can  be  illustrated  by 
means  of  a  Cx.  lens  and  a  screen.  If  a  -f  20  D.  lens  be  held  o  cm.  in  front  of 
a  screen,  a  sharj)  inverted  real  image  of  any  distant  bright  object,  such  as  a 
flame  or  a  window,  is  formed  on  it.     The  lens  represents  the  refracting 

71 


72  VISUAL  OPTICS  AND  SIGHT  TESTING 

system  of  the  eye,  the  screen  the  retina.  If  the  lens  be  held  nearer  or  farther 
than  5  cm.  from  the  screen,  or  if  the  latter  be  moved  while  the  lens  is  kept 
stationary,  the  image  immediately  becomes  indistinct.  A  sharp  image  is 
equally  well  obtained  if  the  lens  be  weaker  and  placed  farther  out,  or  if  it 
be  stronger  and  placed  nearer  in,  but  the  image  itself  is  larger  in  the  first 
case  and  smaller  in  the  second.  The  same  occurs  in  the  eye  if  it  be  longer 
with  less  refracting  power,  or  shorter  with  greater  power.  The  condition  of 
Em.  demands  that  the  distance  between  the  principal  point  and  the  retina 
shall  be  equal  to  the  focal  length  of  the  dioptric  system. 

Ametropia — Derivation. — a,  without;  fierpov,  measure;  (Dip,  eye. 

Definition  of  Ametropia. — If  an  eye  departs  from  Em.,  the  condition 
becomes  that  of  Am.,  of  which  there  are  two  divisions — hypermetropia  and 
myopia.  If  the  eye  be  too  short  or  its  refractive  power  deficient,  the  condi- 
tion is  that  of  H.  (hypermetropia),  in  which,  when  Ac.  is  at  rest,  parallel 
light  (Fig.  39)  would  focus  behind  the  retina.  If  the  eye  be  too  long,  or  its 
refractive  power  excessive,  the  condition  is  that  of  M.  (myopia),  in  which, 
when  Ac.  is  at  rest,  parallel  light  (Fig.  38)  focuses  in  front  of  the  retina. 


Fig.  38.  Fig.  39. 

Should  one  or  more  of  the  refracting  surfaces  of  the  eye  depart  from  true 
sphericity,  then  there  is  As.  (astigmatism),  which  may  be  regarded  as  a  sub 
division  of  H.  and  M. 

Presbyopia,  or  deficiency  of  accommodative  action  due  to  age,  is  not  an 
Am.  condition.     It  can  be  present  in  Em.  or  in  Am.  eyes. 

Compared  with  that  of  an  adult,  the  eye  of  an  infant  is  shorter,  but  the 
radius  of  the  cornea  and  depth  of  the  crystalline  are  about  the  same.  The 
latter,  however,  is  of  smaller  diameter  and  stronger  curvature,  so  that  its 
increased  power  compensates  for  the  shorter  length  of  the  globe.  A  baby's 
eye  is  normally,  therefore,  Em.,  or  slightly  H.  The  development  of  length 
of  globe  and  diameter  of  Crys.  is  concomitant  with  the  growth  of  the  child, 
the  lessened  curvature  of  the  lens  producing  the  requisite  proportional 
reduction  in  focal  power.  If  the  proportional  increase  of  axial  length  is 
deficient,  the  eye  becomes  H.,  while  if  it  be  excessive  the  eye  develops  M. 

Illustration  of  Ametropia. — If  the  +  20  D.  lens  be  held  nearer  to  a  screen 
than  5  cm.,  the  image  is  indistinct,  and  the  condition  represents  H.  Instead 
of  sharp  images  of  the  luminous  points  from  which  the  light  diverges,  each 
cone  forms  a  circle  of  confusion,  and  these,  overlapping,  cause  the  whole 
image  to  be  blurred.     The  refractive  power  of  the  lens  is  too  low  for  its 
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distance  from  the  screen,  or,  what  is  the  same,  the  distance  is  too  short  for 
the  power  of  the  lens.  A  similar  condition  results  if  the  distance  between 
the  lens  and  the  screen  be  maintained  at  5  cm.,  and  a  weaker  lens  substituted 
for  the  +  20  D.  If  a  stronger  lens  than  20  D.  be  used,  the  light  comes  to  a 
focus  before  reaching  the  screen,  and,  diverging,  produces  on  the  latter  a 
series  of  circles  of  confusion,  which,  overlapping  each  other,  causes  a  blurred 
image  to  be  formed.  This  represents  M.  The  image  is  similarly  indistinct 
if  the  +  20  D.  be  held  more  than  5  cm.  from  the  screen,  for  then  the  lens  is 
too  strong  for  the  distance,  or  the  distance  is  too  great  for  the  power  of  the 
lens. 

Accommodation. — Whatever  the  precise  mechanism  of  accommodation, 
the  result  is  the  same,  viz.,  an  increased  total  refractive  power  of  the  eye. 
Ac.  is  always  positive,  and  cannot  be  a  negative  action.  When  the  Ac.  is 
totally  relaxed,  the  eye  is  then  in  its  condition  of  minimum  refraction,  and 
is  adjusted  for  its /ar  'point.  When  the  Ac.  is  totally  exerted  the  refractive 
condition  of  the  eye  is  at  its  maximum,  and  is  adjusted  for  its  near  point. 

The  Necessity  for  Accommodation. — Light  from  oo  is  brought  to  a  focus 
at  the  retina  of  an  Em.  eye  in  a  state  of  rest;  the  retina  and  oo  are,  there- 
fore, conjugate  distances.  Conversely,  if  light  diverges  from  the  retina,  it 
is  parallel  after  refraction,  and  the  image  is,  in  theory,  at  oo.  If  an  object 
be  situated  at  a  finite  distance,  from  which  the  light  is  divergent,  the  conju- 
gate is  situated  behind  the  retina,  and  the  image  thereon  is  blurred.  In 
order  that  the  object  may  be  clearly  seen,  the  image  must  be  brought  for- 
ward to  the  retina.  Thus  the  refracting  power  must  be  increased,  which 
may  be  brought  about  artificially  by  placing  a  Cx.  lens  in  front  of  the  eye, 
or  naturally  by  means  of  Ac.  When  the  latter  is  exerted,  the  total  refrac- 
tion is  increased  to  that  power  having  two  conjugates,  of  which  one  is  the 
retina  and  the  other  the  point  of  fixation  for  which  the  eye  is  accommodated. 

It  should  always  be  remembered  that  in  every  condition  of  eye,  and 
under  all  circumstances,  the  retina  and  the  point  of  fixation  are  conjugate  foci 
if  an  object  is  clearly  seen. 

In  visual  optics  the  term  infinity  is  commonly,  if  erroneously,  used  to 
denote  a  distance  such  that  light  proceeding  from  it  has  an  inappreciable 
amount  of  divergence,  and  for  convenience  we  regard  6  m.  or  20  feet  as  com- 
plying with  this  condition. 

The  Power  o£  a  Convex  Lens. — A  convex  lens  converges  light  from  a 
distant  object  to  a  focus  at  a  certain  point  behind  it — i.e.,  at  its  focal  dis- 
tance; or  conversely  it  causes  light  from  a  certain  point — i.e.,  its  principal 
focus,  to  be  parallel  after  refraction.  For  example,  a  -i-5  D.  lens  brings 
parallel  light  to  a  focus  at  100/5=20  cm.,  or  converts  light  diverging  from 
20  cm.  into  parallel  beams. 

Expression  for  Accommodation. — Like  the  power  of  a  Cx.  lens,  Ac.  is 
expressed  in  diopters.  Formerly  it  was  expressed  by  1//  where  /  is  the 
distance  of  the  object  viewed. 
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Conjugate  Foci. — If  light  diverges  from  a  distance  d^^,  it  requires  a  lens  of 
¥=d^  to  render  it  parallel.  Again,  if  the  light  is  to  be  brought  to  a  focus  at 
a  distance  c?2,  it  needs  a  lens  of  ¥=d2.  Therefore,  if  light  diverges  from  d^, 
and  must  be  brought  to  a  focus  at  d2,  the  total  power  of  the  lens  needed  is 
1/(^1  + 1/(^2  •  If  we  express  the  distances  d^  and  (Z2  in  diopters,  and  call  them 
Dj  and  D^,  then  the  power  of  the  lens  D  is  equal  to  D^  +  Do.  This  is  the 
essence  of  the  rules  of  conjugate  foci,  viz.,  that  the  power  of  the  lens  is  equal 
to  the  sum  of  the  powers  of  any  pair  of  its  conjugate  focal  distances. 

If  the  one  dioptral  distance  D2  be  fixed,  as  in  the  case  with  the  retina  in 
Em.,  then  the  refracting  power  needed,  to  bring  to  a  focus  at  the  retina  light 
diverging  from  any  distance,  is  the  static  refraction  of  the  eye  plus  the 
dioptral  distance  of  the  object  viewed.  Thus,  in  order  that  an  Em.  eye  of 
50  D.  static  refraction  may  see  an  object  at,  say,  100  cm.,  the  power  needed 
is  50+1=51  D. ;  at  25  cm.  it  is  50+1=51  D.,  and  so  on.  More  exact  calcu- 
lations are  given  in  another  chapter,  but  the  above  simplified  method  serves 
for  practical  work. 

Importance  of  the  Conjugates.^Perhaps  the  most  important  point  to 
remember  in  connection  with  visual  optics  is  that,  for  any  given  pair  of  con- 
jugate focal  distances,  the  refractive  power  is  a  definite  fixed  quantity. 
Conversely,  for  a  given  refractive  power  and  a  fixed  distance  of  the  one  con- 
jugate, the  other  conjugate  can  be  at  one  distance  only.  Thus,  if  the  total 
refractive  power  be,  say,  54  D.,  and  the  retina  is  at  20  mm.  from  the  refract- 
ing plane  of  the  eye,  the  other  conjugate — that  is,  the  maximum  distance  of 
clear  vision — is  54-50=4  D.  or  100/4=25  cm.  If  the  distance  between 
the  refracting  plane  of  the  eye  and  the  retina  is  less  than  20  mm.,  the  other 
conjugate  is  farther  away  than  25  cm.,  while  if  the  distance  of  the  retina  is 
more  than  20  mm.,  the  outer  conjugate  is  nearer  than  25  cm.  In  short,  for 
real  foci,  as  the  one  conjugate  is  nearer  to  the  refracting  plane  the  other  is 
farther  away  and  vice  versa.  If  the  one  conjugate  be  fixed,  the  other  is 
nearer  as  the  refracting  power  is  greater,  and  farther  away  as  the  power  is 
smaller.  The  point  of  vision  is  always  the  conjugate  focus  of  the  retina; 
otherwise  clear  vision  is  impossible  at  that  point  and  such  is  the  case  when, 
owing  to  defects  of  the  refraction  or  accommodation,  one  cannot  see  clearly 
at  a  certain  distance. 

Calculation  for  Accommodation. — Since  in  Em.  the  distance  of  the  retina 

is  fixed  at  the  focal  distance  of  the  static  refracting  system  of  the  eye,  the 
posterior  power  D.^,  mentioned  in  the  j)receding  jDaragraph,  need  not  be 
considered;  it  is  constant.  Therefore Dj  the  amount  of  Ac.  exerted,  for  any 
distance,  by  an  emmetrope  is  calculated  by  dividing  that  distance  in  cm. 
into  100,  or,  if  the  distance  be  expressed  in  inches,  by  dividing  into  40.  Thus, 
to  see  at  50  cm.  the  emmetrope  needs  100/50=2  D.  Ac.  At  16  in.  he  needs 
40/16=2-5  D.;  at  70  mm.  it  would  be  1000/70=14  I).,  and  so  on.  The 
distance  of  the  object  is  presumed  to  be  taken  as  from  the  refracting  plane 
of  the  eve. 
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The  Far  and  Near  Points. — The  P.  R.  {jpunctum  remotum),  or  far  point, 
is  the  most  distant  point  at  which  clear  vision  is  possible  and  is  at  oo  in  Em. 
It  is  the  conjugate  of  the  retina  when  Ac.  is  totally  relaxed.  The  P.  P. 
{p'unctwn  proxinium)  is  the  nearest  point  at  which  clear  vision  is  possible 
and  this  is,  usually,  a  few  inches  distant  from  the  eye.  It  is  the  conjugate 
of  the  retina  when  Ac.  is  totally  in  action. 

The  position  of  the  P.  R.  is  governed  by  the  refractive  condition  of  the 
eye,  and  the  P.  P.  by  the  combined  refraction  and  Ac.  possessed.  The  P.  P. 
and  P.  R.  are,  like  the  point  of  fixation,  presumed  to  be  measured  from  the 
principal  plane  of  the  eye. 

Range  of  Accommodation. — The  distance  between  the  P.  P.  and  the  P.  R. 

is  termed  the  range  of  Ac,  and  can  be  expressed  in  any  terms  of  linear  measure. 
The  range  is  R  -  P  where  R  and  P  are  respectively  the  far  and  near  points 
expressed  in,  say,  centimetres.  Thus,  if  R=25  cm.  and  P=15  cm.,  the 
range  is  25—15=10  cm.  Only,  however,  when  R  is  positive,  as  in  M.,  can 
a  definite  length  be  given  to  it.  In  other  conditions  it  must  be  expressed 
as  from  the  position  of  R  to  that  of  P. 

Amplitude  of  Accommodation. — The  quantity  of  Ac.  possessed  is  termed 
the  amplitude.  It  is  the  dynamic  force  necessary  to  convert  the  eye  from 
the  refractive  condition  required  for  vision  at  the  P.  R.  to  that  required  for 
vision  at  the  P.  P.  It  is  expressed  in  diopters,  so  that  the  amplitude  A=P  -  R 
where  P  and  R  are,  respectively,  the  near  and  far  points  expressed  in 
diopters. 

The  Far  Point  in  Ametropia. — Whether,  in  Am.,  the  axial  length  of  the 
eye  is  too  short  or  too  long  for  the  static  refractive  power,  or  whether  the 
latter  is  too  low  or  too  high  in  proportion  to  the  axial  length,  we  may  define 
the  two  departures  from  Em. — i.e.,  H.  and  M.,  as  follows: 

H.  is  that  condition  wherein  the  static  refraction  is  deficient,  so  that  only 
convergent  light,  incident  on  the  cornea,  will  focus  at  the  retina  with  Ac. 
at  rest.  Thus,  a  hypermetrope  of  2  D.  has,  compared  with  the  emmetropic 
50  D.,  only  48  D.  of  static  power,  so  that  light  must  converge  to  50  cm.  or  2  D. 
behind  the  cornea  in  order  to  focus  on  the  retina.  The  P.  R.  in  this  case 
is  said  to  be  negative  or  virtual,  since  it  is  situated  behind  the  eye.  The 
extra  2  D.  of  power  necessary  for  a  retinal  focus  may  be  supplied  either 
by  a  +  2  D.  lens  close  to  the  cornea,  or  by  the  exertion  of  2  D.  Ac. 

M.  is  that  condition  wherein  there  is  an  excess  of  static  power,  su  that 
only  light  divergent  from  a  near  object,  or  rendered  so  by  means  of  a  con- 
cave lens,  can  focus  at  the  retina.  Thus  a  M.  of  2  D.  has  an  excess  of  2  U. 
refraction  and,  therefore,  light  must  diverge  from  50  cm.  in  front  of  the  eye 
in  order  to  focus  at  the  retina.  The  P.  R.  is  positive,  and  a  -2D.  lens 
placed  near  the  cornea  reduces  the  static  refraction  from  52  to  50  D.  Parallel 
light  refracted  by  the  lens  then  apparently  diverges  from  50  cm.  which  is 
the  P.  R.  in  this  particular  case. 
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Variations  in  the  Amplitude  and  Range  of  Accommodation. — Since  Ac. 
results  from  resiliency  or  flexibility  of  the  crystalline,  which  lessens  with  age, 
the  Amp.  diminishes  with  advance  of  the  latter.  It  is  generally  at  its  maxi- 
mum at  ten  years  and  decreases  gradually  through  life  until,  say,  at  seventy, 
there  is  no  available  Amp.  It  also  to  some  extent  depends  on  the  constant 
exercise  of  Ac.  and,  therefore,  indirectly  on  the  refractive  condition  of  the 
eyes.  The  range  of  Ac.  varies  directly  with  the  Amp.  but  is  also  very  largely 
governed  by  the  refractive  condition.  Thus  with  the  same  amplitude  in  two 
different  eyes,  the  range  may  be  entirely  different. 

Table  of  Amplitudes  of  Accommodation.^ — No  statistics  of  the  amplitudes 
before  ten  years  of  age  are  obtainable,  but  Ac,  for  these  ages,  can  be  taken 
as  about  the  same  as  at  ten  or  possibly  rather  less.  From  ten  to  seventy 
years,  at  intervals  of  five  years,  the  scale  is,  approximately,  as  follows,  the 
near  points  being  calculated  for  Em. : 


Age. 

Amp.  Ac.  in  BJ's. 

P.  P.  in  cm. 

10 

14 

7 

15 

12 

8 

20 

10 

10 

25 

8-5 

12 

30 

7 

14 

35 

5-5 

18 

40 

4-5 

22 

45 

3-5 

28 

50 

2-5 

40 

55 

1-5 

66 

60 

1 

100 

65 

0-5 

200 

70 

0 

00 

is  at    00 

At  ten 

at  forty 


The  Amp.  of  Ac.  pertaining  to  any  age,  intermediate  to  those  given  in 
the  table,  can  be  easily  computed. 

Range  and  Amplitude  of  Accommodation. — In  Em.  the  P.  R. 

and  therefore  a  distant  object  can  be  clearly  seen  without  Ac 
years  of  age  the  Amp.  is  14  D.,  and  the  range  is  from  co  to  7  cm. 
years  the  Amp.  is  4-5  D.,  and  the  range  from  oo  to  22  cm.;  at  seventy,  pre- 
suming the  eye  to  be  still  Em.,  there  being  no  accommodative  power,  the 
Amp.=0.  The  P.  P.  coincides  with  the  P.  R.,  and  no  object  within  oo  can 
be  clearly  seen. 

Significance  of  the  Table  of  Amplitudes  of  Accommodation. — The  values 
given  do  not  represent  the  average  for  any  age;  much  less  do  they  denote 
the  highest  degrees  that  may  be  found.  The  figures  in  the  above  table  show 
the  lowest  degree  of  accommodative  power,  or  the  minimum  Amp.  that  ive 
should  expect  to  find  in  an  Em.  or  ordinary  Am.  eye.  It  is  particularly  essen- 
tial to  remember  this  point,  in  order  that  false  deductions  be  not  drawn 
from  a  near  point  found  not  in  accordance  with  a  given  figure. 
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As  a  rule,  the  Amp.  at  any  age — especially  in  early  life — is  considerably 
higher  than  that  given,  and  the  exceptions  where  the  Amp.  is  lower  are 
rare.  In  low  H.  it  is  generally  still  higher  than  in  Em.,  but  in  some  cases 
of  M.,  more  particularly  in  the  high  degrees,  it  is  very  often  considerably 
reduced,  and  the  same  is  found  in  some  cases  of  medium  and  high  H.  Con- 
vergence and  the  condition  of  the  motor  muscles  affect  the  Amp.  of  Ac. 
and,  when  Am.  is  present,  the  a])parent  may  differ  very  much  from  the  true 
amplitude. 

The  Total  Refractive  Power  in  Emmetropia. — Since  the  static  refraction 
in  Em.  is,  say,  50  D.,  the  total  refraction  is  50  D.  plus  the  P.  P.  expressed  in 
diopters.  Thus,  if  we  take  the  figures  of  the  table  given,  the  total  power  of 
an  Em.  eye  at  ten  years  of  age  is  50+14=64  D.;  at  twenty  it  is  50+10 
=  60  D.;  at  forty  it  is  50  +  4-50=54-5  D.;  and  at  seventy  it  is  50  +  0=50  D. 

Determination  of  the  Near  Point. — If  an  emmetrope  can  read  clearly  at 
10  cm.,  but  cannot  read  at  any  nearer  position  we  know  he  must  be  exerting 
100/10=10  D.  Ac,  and  this  gives  the  method  of  determining  the  P.  P.  and 
the  Amp.  of  Ac.  in  Em.  Fine  print  is  approached  towards  the  eye,  and  the 
nearest  point  at  which  it  is  clearly  seen  is  measured;  this  distance  is  the  P.  P. 
and  100  divided  by  the  distance  of  the  P.  P.  gives  in  Em.  the  Amp.  Ac.  in 
diopters.  Thus  if  the  nearest  jDoint  of  distinct  vision  is  12  cm.,  the  Amp 
=  100/12=8-5  D.  (approx.).  This  method,  in  Am.,  gives  only  the  apparent, 
or  availaUe,  and  not  the  true,  Amp.  Also  it  is  not  applicable  in  old  age 
since  then  the  P.  P.  is  so  distant  from  the  eye  that  fine  print  is  not  legible. 
In  the  latter  case  it  can,  however,  be  applied  by  placing  in  front  of  the  eye 
a  Cx.  lens  sufficiently  strong  to  bring  the  P.  P.  to  a  measurable  distance 
and  then  deducting  the  power  of  the  lens  from  the  dioptric  value  found. 
Thus  suppose  with  a  +  4  D.  lens  the  P.  P.  is  found  at  20  cm. ;  then  the  Amp. 
=  100/20—4  D.  =  l  D.  In  Am.  a  somewhat  similar  method  can  be  employed, 
or  the  eye  must  be  made  Em.  by  means  of  lenses. 

The  Near  Limit  of  Vision. — As  age  increases  the  accommodative  power 
decreases  and  when  the  deficiency  of  Ac.  is  so  great  as  to  interfere  with 
sustained  vision  at  ordinary  near  distances,  say,  10  to  20  inches,  the  condi- 
tion is  termed  presbyo])ia.  There  is  with  everyone  a  limit  to  the  nearness  at 
which  he  can  do  continued  near  work. 

Since  the  nearest  point  of  distinct  vision  is  regulated  by  the  total  refrac- 
tive power  of  the  eye,  which  is  the  sum  of  the  static  and  dynamic  powers, 
it  follows  that  the  nearest  point  of  vision  is  closer  in  M.  than  it  is  in  Em. 
and  farther  away  in  H.  with  the  same  Amp.  of  Ac.  If  three  eyes,  of  respec- 
tively 49  D.,  50  D.,  and  51  D.  static  refraction,  possess  5  D.  Ac,  the  near 
point  will  be,  in  the  first  case,  beyond  20  cm.,  in  the  second  case  at  20  cm., 
and  in  the  third  case  within  20  cm.  Again,  the  P.  P.  would  be  at  the  same 
place  in  three  eyes  whose  static  refraction  was  respectively  49  D.,  50  D., 
and  51  D.,  if  their  respective  amplitudes  were  6  D.,  5  D.,  and  4  D.,  for  then 
the  total  refractive  power  would  in  each  case  be  55  D. 
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Binocular  and  Monocular  Near  Point. — It  is  generally  found  that  the 
binocular  is  nearer  than  the  monocular  P.  P. — i.e.,  the  nearest  point  of 
vision  is  closer  when  both  eyes  are  used  than  it  is  for  each  eye  separately. 
Such,  however,  is  not  always  the  case  and  the  contrary  may  occur.  It 
depends  chiefly  on  the  balance  between  the  horizontal  muscles — that  is  on 
the  convergence  effort  for  fusion  at  the  P.  P. 

The  Absolute  and  Binocular  Amplitude  of  Accommodation. — The  absolute 
Amp.  is  that  of  each  eye,  independent  of  its  fellow,  and  is  determined  by  the 
position  of  the  P.  P.  when  the  other  eye  is  occluded,  the  amount  of  con- 
vergence exerted  being  then  either  equal  to,  greater  or  less  than  that  re- 
quired for  fusion  at  the  P.  P.  The  binocular  Amp.  is  that  of  both  eyes 
used  simultaneously  and  is  determined  by  the  position  of  the  binocular 
P.  P.,  the  quantity  of  convergence  exerted  being  that  required  for  fusion 
at  the  P.  P.  of  Ac. 

The  Relative  Amplitude  of  Accommodation  is  that  which  can  be  exerted 
with  convergence  fixed  for  a  given  distance.  It  is  measured  by  the  differ- 
ence between  the  strongest  Cx.  and  Cc.  lenses  through  which  vision  is  clear. 
If  the  test  be  made,  as  is  usual,  at  6  m.,  the  Amp.  Ac.  is  relative  to  Con.=0. 
Illustrating  this  with  an  emmetrope,  it  would  be  found  that  he  could  not  see 
clearly  through  any  Cx.  lenses  at  oo,  and  if  he  were  able  to  overcome  -  8  D. 
without  converging,  the  Amp.  Ac.  would  be  0  —  (  '-8)=8  D.  relative  to 
Con.=0.  In  H.  it  is  possible  that  no  Cc.  lenses  could  be  overcome,  so  that 
the  relative  amplitude  is  then  the  difference  between  the  strongest  and 
weakest  Cx.  lenses  through  which  vision  is  clear  at  6  m.  Again,  in  M., 
it  is  not  possible,  beyond  the  far  point,  for  vision  to  be  clear  with  any  Cx. 
lenses,  and  therefore  the  relative  amplitude  is  the  difference  between  the 
weakest  and  strongest  concaves.  For  example,  in  a  given  case  of  H.,  the 
test  being  made  at  oo,  the  limits  of  clear  V.,  without  changing  the  Con.,  are 
with  +  5  D.  and  +  1  D.;  then  the  relative  Amp.  Ac.  =  5  —  (+  1)  =  4  D. 
If,  in  a  given  case  of  M.,  the  limits  are  with  —2D.  and  --7  D.,  the  relative 
Amp.  Ac.  =  —  2  —  (  —  7)  =  5  D.  In  any  case  of  Am.,  if  the  manifest  error 
be  fully  corrected,  the  procedure  is  the  same  as  in  Em. 

In  general  for  distances  within,  say,  1  m.  the  relative  Amp.  Ac.  allows 
of  both  +  and  —  lenses  being  seen  through.  The  exceptions  are  M.  over 
1  D.  and  when  the  Ac.  is  very  deficient.  In  the  former  no  Cx.  is  tolerated, 
in  the  latter  no  Cc.  lens.  Thus,  if  +5  D.  and  -4  D.  are  the  strongest  + 
and  —  lenses  respectively  that  can  be  seen  through  at  33  cm.,  the  relative 
Amp.  Ac.  for  Con.=3  M.  A.  is  5-  (-  4)=9  D. 

The  relative  Amp.  Ac.  is  never  so  large  as  the  true  Amp.  for  the  reason 
that  Ac.  is  much  more  easily  exerted  in  conjunction  with  Con.;  nor  is  it 
necessarily  the  same  for  all  distances. 

The  Measurement  of  the  True  Amplitude  of  Accommodation  is  easy  in 
Em.  because,  the  P.  R.  being  at  oo,  the  position  of  the  P.  P.  in  D.'s  gives  the 
true  Amp.  Ac.  whether  binocular  or  monocular.     Similarly,  in  Am.,  it  is 
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obtained  from  the  P.  P.  if  the  P.  R.  is  placed  at  oo  by  means  of  the  correcting 

lenses. 

Primary  Angle  between  the  Visual  Axes. — In  Fig.  40,  AB,  in  each  eye, 
is  the  optic,  and  MF  the  visual  axis,  from  which  it  can  be  seen  that,  if  the 
optic  axes  are  truly  parallel  to  each  other,  the  visual  axes,  which  make  an 
angle  of  about  5°  each  with  the  optic  axes,  converge  and  would  meet  at 
about  33  cm.  in  front  of  the  eyes.  This  distance  is  obtained  from  3/sin  5°= 
3/-087=33  cm.,  where  3  cm.  is  the  semi-interpupillary  distance.  If  the 
point  of  fusion  of  the  two  visual  axes  be  at  6  m.,  the  angle  formed  between 
them  is  approximately  that  whose  sine  is  6/600= -01  or  1/2°  (approx.). 
Supposing  the  angle  between  the  optic  and  visual  axes  to  be  5°,  then  each 
optic  axis,  when  the  visual  axes  meet  at  6  m.,  must  diverge  some  4'75°, 
and  the  total  angle  between  them  is  9'5°.  Thus  when  the  eyes  are  adjusted 
for  binocular  vision  at  6  m.,  the  visual  axes  slightly  converge,  and  the  optic 


Fig.  40. 

axes  diverge  nearly  10°  from  each  other.  We  may,  however,  neglect  the 
1/2°  Con.  above  calculated,  and  take  parallelism  of  the  visual  axes  as  the 
primary  position  with  respect  to  the  subject  of  Con. 

Convergence. — When  normally  balanced  motor  muscles  are  at  rest,  a 
single  distant  object  can  be  fixed  by  the  two  eyes  and  the  images,  falling 
on  the  maculae,  are  fused  into  a  single  mental  impression.  In  binocular 
vision  of  a  near  object  the  eyes  must  be  converged  or  turned  towards  each 
other,  so  that  the  images  may  still  be  formed  on  the  macula  of  each.  Con- 
vergence results  from  contraction  of  the  internal,  with  relaxation,  at  the 
same  time,  of  the  external  recti;  were  it  not  exerted,  a  near  object  would 
have  its  image  on  non-corresponding  parts  of  the  retinae  and  be  seen  double. 
As  before  mentioned,  Con.  is  independent  of,  and  can  be  associated  with, 
any  other  motor  muscular  action  such  as  lateral  rotation,  elevation,  or 
depression  of  the  eyes;  indeed,  depression  is  a  usual  concomitant  of  Con. 
since  reading,  writing,  sewing,  etc.,  is  always  below  the  level  of  the  eyes, 
and,  also  as  previously  stated,  Con.  is  more  easily  effected  when  the  eyes 
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are  lowered.     Con.  enables  vision  to  be  single  over  any  distance  between  oo 
and  a  few  inches. 

Convei^ence  and  Interpupillary  Distance.— Con.  being  an  angular  move- 
ment of  the  eyes  effected  around  the  centres  of  rotation,  is  measured  in 
degrees.  The  farther  the  two  eyes  are  apart,  the  greater  must  be  the  angular 
movement  for  fixation  and  vice  versa,  thus,  for  any  distance  of  the  object 
viewed,  the  actual  Con.  depends  on  the  interpupillary  distance. 

Expression  for  Convergence. — It  is  convenient  to  disregard  the  inter- 
pupillary distance  in  this  connection,  more  especially  as  its  variation  is 
small;  the  actual  Con.  in  degrees  is  therefore  ignored  and  the  function  is 
measured  and  expressed  in  metre  angles  (M.  A.). 

The  M.  A.  is  that  angular  displacement  of  the  one  visual  axis,  from 
its  primary  position  of  parallelism,  when  a  point,  on  the  median  line  1  m. 


from  the  eye,  is  fixed.  It  is  therefore  equal  to  the  angle  c  (Fig.  41),  between 
the  median  line  DF  and  the  visual  axis  RF  or  R'F  and,  as  the  point  of  fixa- 
tion i''  is  1  m.  from  each  eye,  the  M.  A.  is  that  angle  whose  sine  is  half  the 
interpupillary  distance,  i.e.  sin  c=RD/RF.  Since  the  P.  D.  (which,  in  this 
connection,  is  considered  as  being  the  distance  RR'  between  the  centres  of 
rotation)  is  a  fixed  quantity,  and  sines  increase  less  rapidly  than  angles, 
the  angular  value  of  2  M.  A.  is  slightly  more  than  twice  1  M.  A.,  and  so  on. 
The  differences  are,  however,  negligible. 

Some  regard  as  the  M.  A.  that  total  angle  formed  between  the  visual  axes 
when  the  point  of  fixation  is  1  m.  distant  on  the  one  axis  directed  straight 
forward.     This  view  is  not,  however,  general  and  certainly  not  advisable 
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because  we  express  the  Ac,  for  any  given  distance,  as  the  amount  in  D.'s 
which  each  eye  exerts  and  it  is  then  convenient,  in  connection  therewith,  to 
consider  the  Con.  in  M.  A.  which  each  eye  exerts  to  reach  the  point  of  fixation 
on  the  median  line.  The  M.  A.  was  adopted  as  the  unit  of  Con.  so  that  it 
might  harmonize  with  the  unit  of  Ac. 

The  Value  of  the  Metre  Angle  varies  with  the  interpupillary  distance. 
If  the  latter  be  60  mm.  or  2  3/8  in.,  the  M.  A.  =1°  45'  (1-75°).  If  the  P.  D. 
be  64  mm.  or  2  1/2  in.  the  M.  A.=l°  50'  (1-8°).  Provided  we  neglect  the 
difEerence  between  sines  and  tangents,  the  M.  A.  can  be  expressed,  in  prism 
diopters,  as  equal  to  half  the  P.  D.  in  cm.  Thus  if  the  P.  D.=6  cm.,  the 
M.  A. =3-^,  that  is  to  say  when  Con.  of  1  M.  A.  occurs  each  eye  rotates 
through  an  angle  equal  to  that  caused  by  a  3-^  prism. 

A  3^  before  each  eye  base  in  permits  of  fusion  at  1  m.  without  Con.  A 
3-i  prism,  base  out,  before  each  eye  in  the  primary  position,  will  cause  a 
Con.  of  1  M.  A.  in  order  that  binocular  vision  at  co  may  be  retained. 

Approximately  the  M.  A. =3- 5°  of  prism  angle,  so  that,  to  convert  M.  A. 
to  prism  values, 

M.A.  X  1-75=- °d,     M.A.  X  3=^,     M.A.  X  3-5=°  (degrees  of  prism). 

Calculation  of  Convergence. — For  a  distance  greater  than  1  m.  less  than 
1  M.  A.  of  Con.  is  exerted,  while  more  is  exerted  for  shorter  distances.  The 
amount  exerted  is  calculated,  as  for  Ac,  by  dividing  100  by  the  distance  in 
cm.  Thus,  in  emmetropia,  the  M.  A.'s  of  Con.  and  the  D.'s  of  Ac.  for  each 
eye  are  the  same  for  any  distance.  For  distances  expressed  in  inches,  the 
Con.  exerted  is  calculated  by  dividing  40  by  that  distance.  Thus  at  33  cm. 
Con. =100/33-=  3  M.  A.,  at  16  in.  Con.=40/16-=2-5  M.  A.,  and  so  on. 

The  Near  Point  and  Far  Point  of  Convergence. — The  nearest  point  at 
which  binocular  vision  can  be  retained  is  termed  the  near  point  (P.  P.) ;  the 
far  point  (P.  R.)  is  that  at  which  the  visual  axes  cross  when  Con.  is  at  rest. 
The  P.  P.  is  usually  at  a  few  inches  and  the  P.  R.  should  be  at  oo,  but  more 
often  it  is  negative  since  the  eyes,  when  at  rest,  usually  diverge  and  the 
visual  axes,  on  continuation  backward,  meet  at  the  virtual  far  point  behind 
the  eyes.  This  divergence  of  the  visual  axes,  when  Con.  is  a  minimum,  must 
not  be  confused  with  the  divergence  of  the  optic  axes  when  the  visual  axes 
are  adjusted  for  oo,  i.e.,  parallel.  In  some  cases,  of  course,  the  P.  R.  may 
be  positive  and  within  oo.  The  P.  P.  of  Con.  is  generally  within  (nearer 
than)  the  P.  P.  of  Ac. 

The  P.  P.  of  Con.  is  found  by  approaching  a  pencil  towards  the  eyes  to 
the  nearest  point  at  which  it  is  seen  single.  The  P.  R.  of  Con.  is  found  by 
placing  a  Maddox  groove  (q.v.)  before  the  one  eye  and  noting  the  position  of 
rest.     It  may  be  that  of  parallelism,  divergence  or  convergence. 

The  distance  for  which  the  eyes  are  accommodated  is  measured  from  the 
principal  plane  and  that  for  which  they  are  converged  from  the  centre  of 
rotation,  some  11  or  12  mm.  farther  back.  This  difference  is,  however, 
negligible  iu  ordinary  circumstances. 
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The  Range  of  Convergence  is  the  actual  distance  between  tlie  near  and  far 
points.  It  usually  extends  from  oo,  or,  perhaps,  more  often  from  a  negative 
position  to  within  a  few  inches.  The  range  of  Con.,  or  the  space  over  which 
Con.  can  be  exerted,  is  expressed  by  E— P  or  from  R  to  P. 

Amplitude  of  Convergence. — The  total  amount  of  force  of  Con.  that  can 
be  exerted  is  termed  the  amplitude,  and  is,  therefore,  the  distance  between 
the  P.  P.  and  P.  R.  expressed  in  M.  A.'s;  that  is,  A=P-  R.  It  varies  with 
different  people  but  age  has  little,  if  any,  efiect  on  it  and  in  this  respect  Con. 
differs  from  Ac. 

Average  Amplitude  of  Convergence. — The  average  person,  when  exerting 
Ac,  can  converge  to  an  exceedingly  near  point  and  probably  the  average 
Amp.  of  actual  Con.  is  not  less  than  15  or  16  M.  A.'s.  Some  people  easily 
demonstrate  20  M.  A.'s  although,  of  course,  the  point  of  fixation  is  indistinct. 

Relative  Convergence. — This  is  the  amount — -positive  and  negative— that 
can  be  exerted  when  the  Ac.  is  fixed  for  a  given  distance.  If,  for  instance, 
the  point  of  clear  vision  is  at  33  cm.,  the  Con.  then  found  is  that  relative 
to  Ac.=3  D.     If  the  test  is  made  at  6  m.,  the  Con.  is  relative  to  Ac.=0. 

Measurement  of  the  Relative  Convergence. — The  relative  Amp.  of  Con. 
is  measured  by  the  difference  between  the  strongest  prisms,  base  in  and  base 
out,  through  which  vision  is  single  and  clear  at  the  selected  distance.  That 
measured  by  the  prism  base  out  is  the  ^^ositive,  and  that  measured  by  the 
prism  base  in  is  the  negative  portion  of  the  relative  Amp.  Single  prisms 
can  be  used,  their  effect  being  shared  by  the  two  eyes,  or  pairs  of  prisms 
may  with  advantage  be  employed.  The  eyes  must  converge  in  order  to 
overcome  the  —  prism  (base  out),  and  diverge  to  overcome  the  +  prism 
(base  in)  so  that  the  difference  between — really  the  arithmetical  sum  of — 
the  two  is  the  total  relative  Amp.  The  test  may  be  made  at  any  distance, 
but  in  no  case  is  the  relative  so  great  as  the  true  Amp. 

Suppose  the  prisms  overcome  are  —24-^  and  +6-^,  then  the  relative 
Amp.  Con.  is  30/6=5  M.  A.  for  Ac.=0  if  the  test  is  made  with  fixation 
at  6  m. 

Measurement  of  the  True  Amplitude  of  Convergence. — This  is  the  differ- 
ence between  the  P.  P.  and  the  P.  R.  expressed  in  degrees  or  M.  A.'s.  The 
P.  R.  is  found,  without  Ac.  being  exerted,  by  means  of  the  Maddox  rod  or 
other  test,  at  6  m.,  and  the  P.  P.  from  the  nearest  point  of  binocular  V. 
when  Ac.  is  freely  exerted.  For  example,  supposing  the  one  visual  axis 
shows  a  divergence  for  oo  of  3-^,  and  the  P.  P.  is  at  8  cm.,  the  Amp.  is 
•5  +  12-5=13  M.  A. 

Orthophoria. — When  the  external  motor  muscles  are  perfectly  balanced, 
i.e.,  when  the  visual  axes,  in  a  state  of  rest,  are  parallel  so  that  the  P.  R.  of 
Con.  is  at  oo,  the  muscles  are  said  to  be  orthophoric. 

Esophoria  and  Exophoria. — The  condition  of  esophoria  exists  if  there  is  a 
tendency  to  convergence,  the  P.  R.  being  positive  when  the  eyes  are  at  rest. 
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Exophoria  is  present  if  the  visual  axes  at  rest  diverge,  the  P.  R.  of  Con.  being 
negative. 

Static  and  Dynamic  Convergence. — The  term  static  is  applied  to  Con. 
when  the  eyes  are  at  rest  and  it  may  therefore  be  positive,  negative,  or  zero. 
Dynamic  is  positive;  it  is  the  physiological  muscular  process  by  which  the 
visual  axes  are  so  turned  that  the  point  of  fixation  may  have  an  image  on 
both  maculae. 

Dr.  Maddox  divides  Con.  into  three  parts,  viz. : 

1.  Initial  Convergence  exerted  in  order  to  fix  an  object  at  c» — that  is,  to 
render  the  visual  axes  parallel.  It  may  be  positive,  negative  or  zero,  accord- 
ing to  the  muscular  balance.     It  is  the  same  as  static  above. 

2.  Accommodative  Convergence,  which  accompanies  Ac,  is  always  posi- 
tive.    It  is  almost  the  same  as  dynamic  above. 

3.  Supplementary  Convergence,  or  fusion  supplement,  exerted  in  order 
to  fuse  the  images,  may  be  positive,  negative  or  zero. 

The  sum  of  1,  2,  and  3  causes  the  visual  axes  to  meet  at  a  near  object 
point  so  that  single  and  simultaneous  binocular  vision  results. 

For  distant  objects  No.  1  alone  is  necessary.  If  the  primary  position 
of  the  visual  axes  is  that  of  parallelism,  there  is  no  initial  Con.  If  the  primary 
position  is  that  of  divergence,  some  positive  initial  Con.  must  be  exerted  in 
order  to  see  singly  at  co.  If  the  primary  position  is  that  of  convergence, 
some  divergence  of  the  eyes  must  be  exerted  in  order  that  they  may  fix  an 
object  at  oo;  the  initial  Con.  is  then  negative. 

When  Ac.  is  exerted  it  is  always  accompanied  by  Con.,  or  conversely, 
Con.  is  always  accompanied  by  Ac.  The  exertion  of  the  two  is  simultaneous 
and  so  naturally  associated  that  it  is  difficult  for  ordinary  eyes  to  exert  the 
one  function  without  the  other.  It  is  taken  that,  for  each  D.  of  Ac,  one 
M.  A.  of  Con.  is  also  exerted.  This  is  the  normal  relationship  between  them, 
but  it  is  altered  by  such  factors  as  age,  the  refractive  condition  and  the 
balance  of  the  horizontal  recti  muscles.  If  No.  1  is  zero  and  No.  2  is  normal, 
the  influence  of  No.  3  is  not  needed. 

Accommodation  and  Convergence. — ^On  account  of  a  common  or  associated 
innervation,  or  harmony  of  action,  there  is  an  intimate  connection  between 
the  two  functions.  If  it  be  taken  that  neither  comes  into  action  for  clear 
binocular  vision  at  oo,  then  for  a  near  object  both  are  equally  required  and 
simultaneously  innervated.  Thus,  for  instance,  if  the  object  be  at  50  cm., 
there  is  required  2  D.  Ac.  and  2  M.  A.  Con.  It  is  almost  impossible  to  judge 
which  is  first  exactly  adjusted,  but  probably  fixation  first  occurs,  followed 
almost  instantaneously  by  accommodation.  It  seems  more  difficult  to 
accommodate  for  an  object  seen  double  than  to  fuse  two  similar  images 
which  are  not  sharp. 

Combined  Accommodation  and  Convergence. — Emmetropic  orthophoric 
eyes  need  no  Ac,  or  Con.  for  c»,  so  that  the  functions  are  in  harmony.     So- 
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called  Em.  eyes  are,  however,  those  which  would,  under  comj)lete  paralysis  of 
Ac,  manifest  a  slight  degree  of  H.,  and  the  usual  condition  of  the  muscular 
balance  is  that  of  slight  divergence.  Thus  eyes  which,  for  all  practical 
purposes,  are  Em.  and  orthophoric,  bring  into  action  a  small  harmonious 
exertion  of  each  function  for  distant  vision. 

In  H.  more,  and  in  M.  less,  Ac.  than  Con.  is  required  for  clear  binocular 
vision.  Want  of  harmony  as  to  quantity,  therefore,  exists  in  Am.  and 
asthenopia  may  result  therefrom.  But  real  harmony  between  the  functions 
results  when  efforts,  irrespective  of  quantities,  are  equal,  and  frequently  equal 
efforts  produce  unequal  quantities. 

When  the  eyes  are  accommodated  for  any  given  near  distance,  the  initial 
and  accommodative  Con.  then  in  force  may  be  just  that  quantity  required  for 
fusion  of  the  images  and  there  is  no  call  for  supj)lementary  Con.  But  if  the 
initial  and  Ac.  Con.  are  insufficient  for  the  distance,  some  jjositive  supj)le- 
mentary  Con.  must  be  exerted  to  obtain  single  vision.  If,  however,  the 
former  two  exceed  that  amount  of  Con.  needed  for  binocular  fixation,  some 
negative  supplementary  Con.  or  divergence  must  be  brought  into  action. 
Positive  supplementary  Con.  may  be  required  if  the  initial  jjosition  is  that 
of  divergence,  or  if  less  than  1  M.  A.  of  Con.  comes  into  effect  with  each 
D.  of  Ac.  exerted.  Negative  supplementary  Con.  may  become  necessary 
owing  to  the  initial  jjosition  being  one  of  convergence  or  because  more 
than  1  M.  A.  of  Con.  results  with  each  D.  of  Ac. 

Association   and   Dissociation   of  Accommodation   and   Convergence. — 

Normally,  equal  Ac.  and  Con.  is  exerted  in  all  distances,  yet  the  one  can  be 
made  to  exceed  the  other.  At  any  given  distance  we  can  reduce  Ac.  with 
Cx.,  or  increase  it  with  Cc.  lenses  without  producing  double  vision,  thus 
showing  that  Con.  does  not  conform  with  the  altered  Ac.  With  +  prisms 
we  can  decrease,  and  with  —  prisms  increase,  Con.  without  disturbing  the 
clearness  of  vision  which  would  occur  if  Ac.  were  proportional  to  Con.  Use 
of  one  fimction  without  the  other  is,  however,  painful,  but  it  is  comparatively 
easy  to  see  through  -  lenses  if  combined  with  -  prisms,  or  +  lenses  with  + 
prisms. 

That  unequal  exertion  of  Ac.  and  Con.  is  the  cause  of  discomfort  is  shown 
by  the  fact  that,  when  Con.  is  efiected,  one  can  easily  overcome  a  single  Cc. 
lens  by  accommodation.  Again  a  person  quite  unable  to  view  for  more  than 
a  few  moments  a  near  object  through  a  pair  of  very  strong  Cx.  lenses,  has 
no  such  difficulty  when  he  closes  one  eye;  in  the  first  case  he  must  converge 
strongly  without  accommodating;  in  the  second  he  uses  neither  fimction. 
Since  it  is  easier  to  exert  Ac.  when  associated  with  Con.  and  vice  versa,  it 
follows  that  lenses  or  prisms  can  influence  the  exertions,  and  so  remedy 
asthenopia. 

In  low  errors  of  refraction,  or  low  insufficiencies  of  the  muscles,  habit 
usually  allows  of  the  one  function  being  exerted  without  inconvenience  in 
excess  of  the  other— i.e.,  equal  efforts  result  in  unequal  productions.     In 
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higher  degrees  either  clear  or  binocular  vision  may  be  abandoned  to  cause 
harmony  and,  in  such  cases,  there  is  generally  no  asthenopia. 

Harmony  may  be  obtained  from  optical  remedies;  e.g.,  Cx.  lenses  reduce 
the  accommodative  effort  in  H.  and  Pres.,  while  Cc.  lenses  increase  it  in  M. 
+  prisms  reduce  Con.  and  —  prisms  increase  it.  Further,  as  in  orthophoric 
Em.  there  may  be  harmony  in  exophoric  H.  and  esophoric  M.  If  equal 
efforts  produce  a  higher  amount  of  Ac.  than  of  Con.,  it  may  just  suit  a  given 
pair  of  hypermetropic  eyes,  while  the  production  of  higher  Con.  than  Ac. 
may  be  acceptable  to  a  certain  pair  of  myopic  eyes. 

Near  Work. — When  an  emmetrope  reads  at,  say,  33  cm.,  he  has  to  bring 
into  action  3  D.  Ac.  and  3  M.  A.  Con.  otherwise  he  could  not  fuse  the  images 
and  see  clearly.  The  same  is  presumed  to  occur  when  the  eyes  roam  from 
side  to  side,  but  as  has  been  shown,  in  connection  with  the  horopter,  the 
field  of  similar  convergence  is  a  circle,  and  for  that  circle  Ac.  varies  since 
distances  vary.  When  a  person  is  reading  the  fixation  points  lie  on  a  flat 
surface  for  which  the  Con.  varies  as  the  point  of  fixation  changes,  less  Con. 
being  required  for  points  remote  from  the  middle  point.  But  the  Ac.  also 
varies,  although  perhaps  less  so  on  a  flat  surface — if  not  very  large — than 
on  the  horoptic  circle  and  particularly  does  it  vary  for  the  one  and  other 
eye.  If  one  views  a  point  in  line  with  the  right  shoulder,  that  point  is  much 
nearer  to  the  right  than  to  the  left  eye.  Now  the  writer  has  never  been  able 
to  determine  that  the  sight  of  the  one  eye  is  better  than  that  of  the  other, 
under  these  circumstances,  so  that  it  seems  fair  to  deduce  fchat  not  only  is 
there  a  certain  breadth  of  adjustment — ^relative  amplitude — between  Ac. 
and  Con.  but  also  that  there  is  a  small  breadth  of  adjustment  between  the 
Ac.  of  the  two  eyes. 

Visual  Acuity  is  the  faculty  possessed  by  the  brain  of  interpreting  the 
retinal  image  of  an  external  object.  It  depends  on  various  factors,  as  de- 
tailed in  another  chapter,  but  so  great  a  part  of  this  faculty  depends  on  the 
eye  itself  that  it  is  both  customary  and  convenient  to  consider  and  express 
it  as  though  depending  on  the  eye  alone,  the  more  especially  since  sight  may 
be,  and  very  often  is,  better  in  the  one  eye  than  the  other. 

The  visual  acuity  of  an  eye  is  its  power  to  see  under  the  most  favourable 
conditions  and,  if  necessary,  corrected  by  lenses.  But  in  sight  testing  we 
must  learn  and  record  the  unaided  vision,  in  order  to  compare  it  with  that 
obtained  with  the  optical  correction.  The  latter,  and  not  the  former,  is  the 
true  visual  acuity.  Therefore,  unless  it  be  expressly  stated,  or  unless  the  con- 
text implies  otherwise,  vision  or  V.  refers  to  that  of  the  naked  eye,  and  it  is  here 
emphasized  in  order  to  avoid  unnecessary  repetition.  The  corrected  vision. 
when  it  differs  from  that  of  the  unaided  eye,  is  referred  to  as  the  visual  acuity 
and  symbolized  by  V.  A.  Neither  V.  A.  nor  V.  should  be  confused  with  the 
range  of  vision,  the  refractive  condition,  or  any  other  detail  in  connection 
with  an  eye.  Vision  may  be  defective,  yet  the  range  considerably  above  the 
average,  or  it  may  be  normal  and  the  range  very  restricted.     Again,  V.  may 
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be  acute  with  a  comparatively  high  refractive  error,  while  it  may  be  con- 
siderably impaired  with  a  quite  low  error.  Indeed,  V.  may  be  much  reduced 
in  an  Em.  eye  owing  to  amblyopia  or  a  nebula. 

Expression  for  Vision  and  Visual  Acuity .^ — V.  or  V.  A.  is  expressed  by  a 
fraction,  of  which  the  numerator  d  is  the  distance  at  which  the  test  is  made, 
and  the  denominator  D  is  the  smallest  of  Snellen's  types  legible  at  that 
distance.  In  other  words,  d  is  the  distance  at  which  the  smallest  legible 
letter  is  recognized,  and  D  that  at  which  that  same  letter  should  be  distin- 
guished by  an  eye  with  average  normal  sight.     In  general  terms  V.=fZ/D. 

Snellen's  Types  are  square  block  letters  so  made  that  the  diameter  of 
each  part  or  limb  is  just  one-fifth  the  diameter  of  the  whole  letter.  They 
are  employed  for  measuring  the  visual  powers  of  the  eye.  As  mentioned 
previously,  an  object,  in  order  to  be  recognized  by  a  person  of  average  normal 
acuity,  must  subtend  an  angle  of  not  less^than  5^  at  the  nodal  point,  while 
for  two  luminous  jjoints  to  be  seen  distinct  from  each  other,  the  space  between 


ANB  represents  the  visual  angle  of  5',  subtended  by  each  of  the  types  at  its  proper 
distance;  tlie  angle  under  which  the  image  i&  formed  is  the  same  for  all. 

them  must  subtend  an  angle  of  not  less  than  1'.  One  letter  is  distinguished 
from  another  by  its  smallest  parts,  viz.,  its  limbs;  and  it  is,  therefore,  the 
angle,  subtended  at  the  nodal  point  by  the  limbs  of  the  letter  and  the  spaces 
between  them,  that  determines  whether  it  be  recognized 

Snellen's  types  are  made  for  distances  varying  between  60  metres  (200  feet) 
and  2  metres  (6-6  feet)  and  each  size  of  type  is  numbered  according  to  the 
distance,  in  metres  or  feet,  at  which  it  subtends  an  angle  of  5'  at  the  nodal 
point  of  the  eye  which  sees  it.  The  length  of  each  letter  is  therefore  equal 
to  the  arc  of  an  angle  of  5',  the  radius  of  which  arc  is  the  distance  at  which 
the  letter  should  be  seen  if  the  eye  were  at  the  centre  of  the  circle;  the  dia- 
meter of  each  limb  and  the  spaces  between  adjacent  limbs  of  the  letter  are 
equal  to  an  arc  of  1'  on  the  same  circle.  The  actual  series  of  types  and  their 
sizes  are  given  later. 

Since  object  and  image  subtend  the  same  angle  at  the  nodal  point — 
taken  as  15  mm.  from  the  retina — at  the  latter  the  arc  of  an  angle  of  1'  is 
15  X  •000291=-0044  mm.  The  size  of  a  cone  at  the  macula  being,  say, 
•002  mm.,  the  image  formed  under  an  angle  of  1'  therefore  covers  about  two 
macular  cones.  The  retinal  image  formed  under  an  angle  of  5'  is  -022  mm. 
in  diameter,  the  distance  between  the  nodal  point  and  retina  being  similarly 
15  mm. 
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Distance  for  Sight  Testing. — Vision  is  usually  tested  at  6  m.  or  20  feet, 
because  light,  diverging  from  this  distance  to  the  eye,  is  presumed  to  be 
parallel,  or  at  least  to  have  at  the  pupil  an  angle  of  divergence  so  small  as 
to  be  negligible. 

For  example,  suppose  at  6  m.  No.  12  is  the  smallest  line  of  legible  letters; 
then  V.=6/12 — that  is,  the  eye  can  only  read  at  6  m.  what  one  with  normal 
V.  would  read  at  12  m.  The  numerical  expression  of  V.  or  V.  A.  is  known 
as  a  Snellen  fraction. 

Test  Types. — The  series  generally  employed  for  use  at  6  m.  comprises  the 
numbers  60,  36,  24,  18,  12,  9,  6,  4-5,  3,  2,  or  ten  lines  in  all.  Since  the  V.  A. 
is  frequently  higher  than  the  average  6/6,  it  is  essential  that  the  types  be 
carried  below  the  line  numerically  equal  to  the  distance  employed. 

The  chart  should  be  artificially  illuminated  on  either  side  by  lamps, 
behind  which  are  dead- white,  unpolished  reflectors,  to  exclude  all  direct 
light  from  the  subject's  eyes.  The  form  of  reflector  is  immaterial  so  long  as 
reflection  from  it  is  diSuse  and  gives  an  even  illumination  of  the  types  and 
astigmatic  dials.  Another  small  frosted  lamp  (or  a  candle)  should  be  placed 
at  the  centre  of  the  muscle  chart  for  use  therewith. 

The  types  should  range  from  No.  60  downwards,  so  that  the  smaller  letters 
are  more  nearly  opposite  the  subject's  eyes,  the  latter  being  as  nearly  as 
possible  in  line  with  the  centre  of  the  astigmatic  dial,  below  which  is  the 
muscle  chart.  To  insure  good  contrast  between  the  black  and  white,  charts 
should  be  perfectly  clean  and,  to  avoid  regular  reflection,  they  must  have  a 
matt,  or  unvarnished,  surface  and  glass  should  not  be  employed  as  a  cover. 
One  or  two  supplementary  type  charts  are  advisable  to  replace  that  in 
ordinary  use  when  a  subject  becomes  familiar  with  the  sequence  of  the 
letters;  these  are  better  arranged  so  that  only  the  smaller  lines  differ.  The 
writer  of  this  article  naturally  considers  the  "  Orthops  "  chart  the  most 
perfect  in  design  and  in  the  facility  with  which  it  furnishes  accurate  results, 
and  he  thinks  that  those  who  use  it  will  agree  with  him. 

Beading  Types. — For  near  work  a  graduated  series  of  ordinary  small 
types,  first  arranged  by  Jaeger,  is  employed,  arbitrary  numbers  being  given 
to  them.  A  person  normally  should  be  able  to  read  the  smallest  (No.  1)  at 
10  inches,  but  if  sight  is  impaired  he  may  read  only,  say,  J.  3  or  J.  4  at  this 
distance.  Types  built  on  Snellen's  basis  are  not  available  for  close  work,  as 
people  are  not  accustomed  to  reading  block  types,  nor  are  the  latter,  when 
small,  easy  to  construct. 

The  series  should  range  from  the  smallest.  No.  1  above,  to  the  largest 
below.  No.  3  Jaeger  is  about  the  size  of  ordinary  newspaper  type.  Reading 
types  usually  have  numbers  attached  indicating  the  distance  at  which  each 
should  be  legible  by  an  eye  with  normal  visual  acuity.  In  addition  there 
is  generally  given  the  power  of  the  Cx.  lens  with  which  No.  1  can  be  read 
if  the  type,  to  which  that  power  is  attached,  be  the  smallest  legible  at  the 
natural  readino;  distance. 
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Symbols. — It  is  usual  to  write  O.D.V.  and  O.S.V.,  or  R.V.  and  L.V., 
for  vision  of  the  right  and  left  eye  respectively;  for  both  eyes  the  symbols 
are  O.U.  or  B.E. 

Thus  O.D.V -6/36;  O.S.V -6/24. 

Here  the  R.E.  requires  six,  and  the  L.E.  four  tijues  the  normal  visual 
angle  in  order  to  see  distinctly. 

If  the  test  is  made  at  4-.5  m.,  the  V.  would  be  expressed  as 

O.D.V.=4-5/36;  O.S.V.=4-5/24. 

Some  opticians  use  English  measure,  the  distance  being  stated  in  feet 
—e.g., 

O.D.V.  =  20/120;  O.S.V.  =  20/80. 

If  some  letters  can  be  read  on  a  certain  line,  say  No.  18,  and  others  not, 
it  is  usual  to  express  the  acuity  thus:  V.=  —6/18,  the  -  sign  indicating 
that  No.  18  is  seen  incompletely.  Or  it  is  written  V.=6/18-2,  which 
implies  that  all  but  two  of  the  letters  of  No.  18  can  be  read  correctly. 

Measurement  of  Vision. — It  is  often  useful  to  know  V.  of  both  eyes 
together  but,  for  the  purposes  of  testing  and  recording,  that  of  each  eye 
separately  must  be  obtained,  the  one  eye  being  occluded  by  the  opaque  disc 
and  the  subject  directed  to  read  the  Snellen's  types  downwards  until  he 
arrives  at  the  smallest  legible.  Binocular  V.  is  nearly  always  better  than 
that  of  one  eye  only. 

If  no  types  on  the  card  are  legible,  that  is,  if  V.  is  less  than  6/60,  it  is 
recorded  thus:  V=:<6/60.  It  may  be  roughly  determined  by  the  greatest 
distance  at  which  fingers  can  be  counted,  these  being  about  the  same  diameter 
as  the  limbs  of  No.  60.  The  optician  approaches  with  his  hand  extended 
and  if  fingers  can  be  counted  at,  say  2  m.,  then  V.=2/60;  or  the  subject 
can  slowly  approach  the  chart  and  the  greatest  distance  at  which  the  top 
letter  is  read  gives  a  similar  result,  but  this  method  is  awkward.  When  V. 
is  much  lowered,  there  may  only  be  P.  L.  (perception  of  light),  or  H.  M. 
(hand  movements). 

If  a  client  is  illiterate  or  dumb,  V.  can  be  obtained  from  an  illiterate  chart, 
a  good  form  of  which  consists  of  series  of  block  E's  graduated  in  size  and 
turned  in  different  directions.  The  subject  states,  or  designates  by  signs, 
the  direction  of  the  limbs  of  the  letters;  or  a  child  is  provided  with  a  letter  E, 
on  a  block,  which  he  turns  the  same  way  as  the  test  indicated  to  him.  A 
series  of  pictures,  in  place  of  letters,  can  be  used  for  very  young  children; 
a  useful  chart  is  one  consisting  of  different  animals  or  objects  constructed 
on  the  Snellen  basis,  as  designed  by  the  late  Dr.  Ettles. 

Vision  should  be  tested  with  the  types  fully  illuminated  and  for  this 
purpose  artificial  light  is  preferable;  otherwise  V.  would  vary  on  different 
occasions,  as  for  example  on  a  November  afternoon  and  a  July  morning. 
Care  should  be  taken  that  the  subject  does  not  partially  close  the  lids,  since 
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this,  by  cutting  off  peripheral  rays,  improves  the  sight  and  gives  a  wrong 
estimate  of  V.  Nor  should  he  look  obliquely  through  a  trial  frame  past  the 
edge  of  the  cells,  which  would  have  a  similar  effect.  In  all  circumstances 
the  eye  should  only  be  occluded  by  the  opaque  disc  and  not  by  the  hand  of 
the  subject  or  of  the  optician  himself. 

The  expression  of  the  unaided  and  corrected  vision  would  be  made  thus : 

O.D.V.=6/60  with -2-0  So  -1-0  C  180=6/4-5 
O.S.V.=6/36  with --5  S  o  -2-0  C  180=6/4-5 

indicating  that  the  unaided  subnormal  V.  is  raised  to  6/4-5  by  the  lenses 
mentioned. 

Normal  Vision. — If  V.  or  V.  A.  =  6/6,  it  is  said  to  be  normal,  because 
at  6  metres  one  can  distinguish  those  letters  representing  the  average  degree 
of  sharp  vision.  Many  people  have  a  visual  acuity  better  than  6/6 — viz., 
6/4,  or  even  6/3;  they  can  distinguish  objects  and  their  details  under  angles 
smaller  than  5'  and  1'.  Nevertheless  many  insist  that  normal  vision  is  a 
fixed  fraction,  i.e.,  6/6.  The  author  does  not  agree  with  this  view  but  con- 
siders it  a  variable  quantity  subject  to  various  influences  and  that  V.  =  6/6 
is  only  the  average  normal  vision,  the  fraction  being,  in  many,  if  not  most 
cases,  too  low  and,  in  some  cases,  too  high  to  be  taken  as  the  standard  needed 
to  be  reached  in  corrected  ametropia.  Some  writers  apply  the  term  Standard 
vision  to  V.  =  6/6. 

The  standard  of  normal  vision,  up  to  a  certain  age,  is  represented  by  6/4; 
with  advance  of  age,  6/6,  6/9,  and  6/12  might  be  regarded  as  normal  for 
people  at,  say,  60,  70,  and  80  respectively.  The  reason  why  the  visual 
acuity  is  better  in  young  than  in  old  people  is  the  transparency  of  the  media, 
some  of  which  is  lost  in  old  age.  Moreover,  the  physiological  activity  of 
the  retina  and  optic  nerve  is  more  acute  in  youth,  and  in  old  eyes  there  is 
generally  some  degeneration  of  the  choroid  which,  in  an  advanced  stage, 
becomes  a  senile  choroiditis.  A  reduced  visual  acuity  in  old  age  is  as  normal 
a  condition  as  decreased  accommodation  and  refraction.  It  is  this  fact, 
together  with  variations  due  to  education  and  environment,  that  renders 
necessary  the  use  of  such  a  term  as  unduly  subnormal  vision  when  the  visual 
standard  is  taken  as  a  fixed  fraction.  Also  with  a  fixed  standard,  anything 
better  than  that  standard  would  be  designated  super-normal  vision,  a  term 
which  is  entirely  misleading. 

The  visual  acuity,  as  expressed  by  a  Snellen  fraction,  varies  with  environ- 
ment— whether  rural  or  urban — with  the  health  of  a  person  and  also  to  a 
great  extent  with  the  nature  of  his  occupation  and  food.  It  varies  further 
with  the  education  and  alertness  of  the  individual — with  the  brain  or  in- 
telligence behind  the  eye— so  that  what  would  be  taken  as  average  normal 
visual  acuity  in  the  out-wards  of  an  East  End  hospital  could  not  be  so 
regarded  in  the  consulting-room  of  a  West  End  oculist;  mental  torpidity 
and  illiteracy  may  account  for  several  lines  on  the  test  types.  Further  the 
degree  of  illumination,  the  whiteness  of  the  background,  and  the  blackness 
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and  sharpness  of  the  types,  influence  the  fraction  which  expresses  the  V. 
in  any  given  case.  In  addition  it  is  important  to  remember  that  some  people, 
especially  children,  will  state  that  they  cannot  read  certain  small  types, 
and  yet  will  correctly  name  each  letter  if  the  latter  be  specially  indicated  by 
a  finger  or  pencil;  apparently  a  mental  stimulation  is  derived  from  the  in- 
dividualization of  each  letter,  the  attention  not  being  allowed  to  wander 
over  the  whole  series  in  a  particular  line. 

To  avoid  repeated  reference  to  what  constitutes  noimal  vision  it  is  taken 
throughout  to  be  as  defined  in  the  first  paragraph  of  this  article.  Experience 
alone  will  enable  the  optician  to  know  what  Snellen's  fraction  to  accept 
as  normal  in  any  particular  case.  The  conditions  under  which  V.  and  V.  A. 
vary  in  Am.  are  discussed  in  the  chapters  on  individual  errors  of  refraction. 

Reduced  Vision. — It  is  sometimes  stated  that  6/12  represents  half  normal 
vision,  6/18  one-third,  and  so  on.  One  who  has  actually  only  half  normal 
acuity  has  a  visual  condition  totally  difierent  from  that  of  one  having  V.=6/12 
owing  to  a  simple  error  of  refraction  such  as  axial  myopia.  I'n  the  latter 
case  the  refracting  media  are  perfectly  transparent,  the  retina  and  the  nerve- 
conducting  apparatus  quite  normal,  and  for  all  practical  purposes  the  person 
sees  his  way  about  and  performs  his  work'^nearly,  if  not  quite  a^  well,  as 
one  who  has' full  visual  acuity.  If  V.  is,  say,  6/12  and  can  be  raised  to  the 
normal  with  correction,  the  condition  of  sight,  iviihout  lenses,  is  incomparably 
better  than  that  in  which  the  best  V.,  obtained  with  correction,  is  6/12. 
This  is  a  matter  of  great  importance  to  the  optician  and  should  be  thoroughly 
grasped. 

Further,  if  one  has  no  better  vision  than  V.  =  6/12  when  fully  corrected 
for  his  optical  defect,  much  still  depends  on  the  cause  of  the  deficiency. 
Should  the  reduction  of  vision  be  due  to  a  defect  of  the  media,  such  as  conical 
cornea,  nebula  or  the  diminished  transparency  of  old  age,  the  sight  is  much 
more  useful  than  an  equal  reduction,  as  measured  by  test  types,  due  to  a 
diseased  condition  of  the  choroid  or  retina,  or  a  partial  atrophy  of  the  optic 
nerve.  In  the  former  case  the  nervous  apparatus  is  perfect  but  the  media 
do  not  allow  of  sharp  retinal  images,  while  in  the  latter  case  nervous  response 
does  not  follow  the  stimulation  of  the  image,  however  sharp  it  may  be. 

The  Determination  of  Emmetropia. — If  V.  is  normal  and  the  applica- 
tion of  a  weak  -I-  sph.  blurs  the  sight — i.e.,  makes  V.  worse — Em.  may  be 
presumed.  In  this  condition  parallel  light,  proceeding  from  the  various 
points  of  a  distant  object,  is  focused  sharply  at  the  retina  without  the 
exertion  of  Ac.  The  weak  +  sph.  places  the  image  slightly  in  front  of  the 
retina,  with  the  result  that  the  image  consists  of  small  diffused  circles, 
instead  of  point  foci,  and  vision  becomes  less  acute.  The  weak  +  lens 
simply  makes  an  Em.  eye  slightly  M.  As  previously  mentioned  an  Em. 
eye  is  probably  one  having  a  small  degree  of  H.  all  latent  and,  for  practical 
purposes,  further  reference  to  Em.  will  mean  that  condition  where  normal  V. 
becomes  impaired  by  a  weak  +  sph.  lens,  together  with  a  near  point  con- 
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sistent  with  the  age  of  the  individual.     It  is  the  condition  of  the  eye  which 
is  manifestly,  if  not  acually,  Em. 

The  Determination  of  Ametropia  will  be  found  in  the  chapters  devoted 
to  each. 

The  Measurement  of  Ametropia. — The  optician  must  constantly  bear 
in  mind  that  he  can  measure  only  the  manifest  condition;  sometimes  the 
manifest  and  the  actual  refractive  errors  are  equal  and,  anyhow,  in  the  large 
majority  of  cases  the  manifest  only  need  be  known  in  order  to  prescribe 
lenses  giving  good  and  comfortable  sight.  Should  the  test  indicate  con- 
siderable latent  error,  the  case  should  be  corrected  under  the  influence  of 
a  cycloplegic,  and  therefore  by,  or  under  the  direction  of,  a  medical  practi- 
tioner. Cases  requiring  cycloplegia  are  generally  found  in  very  young  people ; 
sometimes,  also,  later  in  life  where  high  H.,  high  As.,  or  strabismus  occurs 
but  they  are  comparatively  rare  after  twenty  years  of  age. 

The  optician  may  conscientiously  prescribe  lenses  only  when  there  are 
normal  visual  acuity  as  previously  defined,  normal  field  of  vision  and  absence 
of  contra-indications.  In  all  that  follows  concerning  the  testing  and  correction 
of  refractive  errors,  adherence  to  this  rule  is  presumed. 

Order  of  Testing. — Either  the  right  eye  should  always  be  first  tested,  or 
the  rule  may  be  adopted  of  treating  first  that  with  the  worst  vision,  because 
an  eye  markedly  inferior  as  to  its  vision  is  generally  less  easy  to  correct 
than  the  other,  and  it  can  receive  further  attention  after  the  better  and  easier 
eye  has  been  tested.  The  correcting  lens  is  placed  as  near  as  possible  to 
the  cornea — approximately  in  the  anterior  focal  plane;  thus  situated,  a  Cx. 
lens  corrects  more  H.,  and  a  Cc.  less  M.,  than  its  nominal  power.  Further, 
the  true  degree  of  error  may  be  between  two  successive  trial  case  powers, 
this  being  especially  noticeable  in  As. 

Systematic  testing,  which  is  the  secret  of  success,  is  more  thoroughly 
dealt  with  in  Chapter  XIV.,  but  the  order  is  roughly  as  follows — ■ 

Determine  separately  of  each  eye  (a)  the  unaided  V.,  (b)  the  manifest 
refraction,  (c)  the  corrected  V.,  (d)  the  P.  P.,  (e)  compare  the  V.  A.  and  P.  P. 
of  the  two  eyes,  (/)  determine  the  muscular  balance.  Having  decided  on  the 
lenses  to  be  jorescribed,  the  frames  are  selected  and  fitted. 

Tests  may  be  either  subjective  or  objective,  but  the  latter  should  always  be 
carried  out  prior  to  the  former.  Objective  methods,  of  course,  render  the 
refractionist  independent  of  the  subject's  answers  and  include  keratometry, 
retinoscopy,  etc.,  which  should  be  employed  first,  even  perhaps  before  the 
V.  A.  has  been  taken.  The  subjective  test,  being  by  far  the  most  important, 
comes  last,  in  order  to  confirm  and  supplement  the  results  obtained  objec- 
tively. Sight  can  be  tested  perfectly  well  by  subjective  methods  alone,  but 
not  so  objectively,  as  it  is  unlikely  that  the  correction  so  found  would  be  the 
best  obtainable. 

Complicated  Cases. — It  is  advisable  not  to  prescribe  glasses  from  a  single 
test  in  a  complicated  case.     The  result  of  the  first  should  be  entered,  and 
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confirmed  or  altered,  as  the  case  may  be,  at  a  second  or  even  a  third  test, 
before  lenses  are  prescribed.  Temporary  spherical  lenses  may  sometimes, 
with  advantage,  be  given  in  the  meantime.  Such  cases  include  previously 
uncorrected  high  errors  of  mixed  As.,  high  anisometropia,  spasm  of  Ac, 
high  heterophoria,  etc.,  together  with  those  not  relieved  by  glasses  fitted  by 
others,  and  those  in  which  fatigue  renders  the  results  obtained  uncertain. 

Distance  of  Chart. — To  determine  the  static  refraction,  Ac.  must  be 
passive,  or  active  only  to  a  negligible  degree,  and  therefore,  as  explained  in 
a  previous  paragraph,  20  ft.  or  6  m.- — to  be  found  in  a  fair-sized  room — is 
taken  as  sufficient,  the  divergence  of  light,  on  reaching  the  eye,  being  then 
only  -16  D.  In  case  of  necessity,  4-5  m.  will  serve,  as  the  Ac.  used  in  Em., 
or  by  the  corrected  ametrope,  for  that  distance,  is  less  than  -25  D.  If  a 
room  will  not  admit  of  even  4-5  m.,  it  is  better  to  employ  reversed  types 
and  a  mirror  so  that  the  total  distance  from  the  types  to  the  mirror  and 
thence  to  the  subject  is  6  m.  Preferably,  for  this  purpose,  each  should  be 
3  m.  The  mirror  should  be  exactly  half  the  size  of  the  chart  in  both  length 
and  breadth,  so  that  the  image  of  the  latter  just  fills  the  former,  the  frame 
of  which  should  be  plain  and  black.  This  is  the  size  if  the  subject  and  chart 
are  equally  distant  from  the  mirror;  if  not  so,  its  size  is  to  that  of  the  chart 
as  its  distance  from  the  observer  is  to  6  m. 

The  Reading  Distance,  governed  mainly  by  the  height,  or  length  of  arm 
of  the  individual,  varies  between  25  and  50  cm.,  the  ordinary  reading  distance 
being  40  cm. ;  it  is  that  between  the  eyes  and  a  book  held  in  the  hands  when 
the  arms  are  bent  to  a  right  angle.  The  distance  of  other  work,  as  writing, 
is  greater  than  that  for  reading,  but  reduced  V.  A.,  from  whatever  source, 
may  cause  the  working  point  to  be  closer. 

Points  on  the  Testing  Room. — None  other  than  the  types,  the  astigmatic, 
and  the  muscle  charts  should  be  placed  on  the  wall  facing  the  subject.  The 
illumination  for  the  hand  types  should  be  obtained  from  an  adjustable 
bracket  placed  behind  the  test  chair;  this  also  serves  for  focal  illumination, 
retinoscopy,  etc.  The  test  room  should  also  be  provided  with  ordinary 
illumination,  capable  of  being  easily  lowered  or  put  out.  Electric  light  is 
preferable,  the  various  lamps  being  governed  by  a  switchboard  near  to  the 
testing  chair.  The  colouring  of  the  walls  and  floors  should  be  subdued  and 
of  uniform  tint.  Dark  browns  and  greens  are  serviceable,  but  any  scheme 
of  decoration  may  be  followed  provided  it  is  unobtrusive.  The  test  chair 
is  preferably  placed  on  a  small  platform  about  1  ft.  high,  so  that  the  subject, 
when  seated,  has  his  eyes  but  little  below  those  of  the  optician.  Useful 
accessories  in  a  test  room  are  needle  and  thread  and  a  piece  of  cotton  material 
for  sewing,  a  sheet  of  music,  a  Prayer-Book  in  fine  type,  etc.  A  good  picture 
full  of  details,  large  and  small,  forms  an  excellent  supplementary  test  object. 

The  Test  Case  should  contain  a  series  of  pairs  of  Cx.  and  Cc.  sphericals 
up  to  20  D.,  cylindricals  up  to  6  or  7  D.,  prisms  in  pairs  up  to  about  3-^, 
and  singles  to  20-^.     The  dioptic  intervals  in  the  lenses  should  be  -25  up  to 
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3-5  D.,  -50  from  3-5  to  8  or  10  D.,  1  from  10  to  14  D.  and  2  between  14  and 
20  D.  The  lenses  should  be  mounted  in  rings  with  handles,  which,  besides 
greatly  facilitating  their  employment,  renders  them  less  liable  to  soiling. 
Some  obvious  distinction  should  exist  between  the  convex  and  concave  series, 
.  both  spherical  and  cylindrical,  to  prevent  mistakes.  For  preference  the 
convex  lenses  should  be  ringed  in  white  metal  or  nickel,  and  the  concaves 
in  gilt;  or  the  handles  may  be  different.  Cylindricals  are  generally  partly 
frosted  and  are  thus  easily  recognized.  The  axis  marks  of  cylindricals  and 
the  base  apex  line  of  prisms  should  be  sufficiently  long  and  distinct.  The 
complete  case  also  requires  certain  discs  and  coloured  glasses,  the  latter 
preferably  in  pairs;  the  use  of  some  of  the  various  discs,  as  well  as  other 
sight-testing  accessories,  is  detailed  in  the  following  paragraphs,  but  others 
are  dealt  with  in  due  course. 

In  many  modern  test  cases  the  strong  Cx.  lenses — those  from  10  D.  to 
20  D. — are  weaker  than  their  nominal  powers,  their  actual  powers  being 
those  which  neutralize  Cc.  lenses  of  corresponding  numbers.  The  difference 
between  the  actual  and  nominal  powers  varies  from  about  -16  D.  for  + 10  D. 
to  1-16  D.  for  +20  D.,  the  thickness  of  the  Cc.  lenses  being  taken  as  1  mm. 
and  that  of  the  Cx.  varying  between  about  4  and  8  mm.  at  the  centres. 

The  Trial  Frame,  for  general  use,  should  have  three  carriers  for  each 
eye  and  should  be  adjustable  for  P.D.  Ht.,  Proj.  and  length  of  sides,  if  the 
latter  be  curl.  Straight  sides  are,  however,  better  and,  generally,  a  frame 
with  spring  cells  is  most  convenient,  but  some  j)refer  the  drojp  style.  It  is 
advisable  to  have  more  than  one  trial  frame  and  they  may  be  of  different 
patterns.  A  light  drop  frame,  that  will  hold  securely  two  lenses  for  each 
eye,  is  useful  if  one  wishes  to  try  how  a  certain  combination  serves  in  use, 
and  such  a  frame  is  the  best  for  retinoscopy.  All  frames  should  be  scaled 
in  standard  angle  notation.  Lightness,  adjustability  and  rigidity  are  the 
points  to  look  for,  but  the  ideal  trial  frame  has  yet  to  be  made.  Adjustability 
is  necessary  to  bring  the  optical  centres  of  the  lenses  before  the  centres  of 
the  pupils,  and  thus  avoid  jjrismatic  effects.  Scales  on  the  frame,  for  taking 
facial  measurements,  are  of  little  practical  value. 

The  Opaque  Disc  is  made  of  vidcanite,  metal  or  frosted  glass,  and  serves 
to  occlude  the  one  eye  while  the  other  is  under  test.  An  extra  opaque  disc 
with  a  long  handle  is  also  useful. 

The  Pin-hole  Disc  is  a  vulcanite  or  metal  plate  having  a  small  aperture 
in  the  centre.  The  case  should  contain  two  such  discs,  one  with  a  fine  per- 
foration about  -5  mm.,  and  another  about  -75  mm.  in  diameter  (Fig.  43). 

The  Half-Opaque  Disc. — This  is  occasionally  useful  for  determining  which 
half,  or  portion  of  the  eye — as  in  conical  cornea,  nebula,  irregular  As.,  etc. — 
is  the  most  useful  for  visual  purposes  (Fig.  44). 

The  Stenopseic  Slit  or  Disc  is  for  determining  and  testing  As.  It  is  desir- 
able to  have  two  of  these  discs — the  one  of  fine  aperture  about  -5  mm.  in 
width,  and  the  other  larger  of  about  '75  mm.  (Fig.  45). 
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The  Muscle  Chart,  which  consists  of  a  central  pointer  having  red  figures 
on  the  one  side  and  green  on  the  other,  is  required  for  testing  the  muscular 
balance.     The  spaces  between  each  figure  represents  U  at  5  or  6  m. 

The  Astigmatic  Fan  and  Dial.— The  former  is  a  fan  (Fig.  46a)  of  pairs  of 
lines  radiating  in  different  directions  over  half  a  circle  or  more.  They  serve 
to  determine  As.  and  to  indicate  roughly  the  principal  meridians.     The  dial, 


Fig.  43. 


Fig.  44. 


Fig.  45. 


or  diamond  (Fig.  46b),  consisting  of  two  series  of  lines  lying  at  right  angles 
to  each  other,  can  be  revolved  to  indicate  more  exactly  the  principal  meridians 
and  is  used  for  the  correction  of  As. 

The  Maddox  Rod,  the  Maddox  Groove,  and  Double  Prism,  are  employed 
for  testing  muscular  imbalance. 

Red  and  green  glasses  are  employed  for  distinguishing  the  image  seen  by 
one  eye  from  that  of  the  other. 

.  ■  -^-^n^  ■ . 


Fig.  46a. 


The  Placido  Disc  serves  for  determining  objectively  the  presence  of 
regular  and  irregular  corneal  As. 

The  Near  and  Far  Points  Measure  is  used  for  determining  the  P.  K.  and 
P.  P.  and  therefore,  also,  the  refractive  condition  of  the  eye  and  the  ampli- 
tude of  Ac.  The  "  Orthops  "  pointer  {q.v.)  is  the  simplest  and  most  useful 
form. 

The  Condenser  is  a  large  Cx.  lens  of  about  3  in.  focal  length  for  examin- 
ing the  cornea,  iris,  etc.,  and  for  use  with  the  ophthalmoscope  in  the  indirect 
method. 

In  addition  there  are  the  Face  and  Frame  Rule,  the  Record  Book,  and 
Prescription  Forms. 
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The  Perimeter,  the  Retinoscope  and  Ophthalmoscope. 

The  foregoing  comprise  the  essential  adjuncts  to  the  test  case  for  the 
complete  practice  of  sight  testing.  Various  other  instruments  may  be  added 
at  discretion,  the  most  important  being 

The  Ophthalmometer,  an  instrument  for  measuring  corneal  As. 

Records  must  be  systematic,  and  are  best  kept  in  a  book  which  is  indexed 
from  time  to  time,  each  record  being  numbered  in  succession,  or  the  card 
index  system  can  be  employed. 

The  necessary  details  comprise: 

1.  Date. 

2.  Name,  address,  occupation,  and  age. 

3.  V.  of  each  eye,  separately,  without  glasses. 

4.  The  correction  found,  representing  the  manifest  optical  condition  of 
each  eye. 

5.  Corrected  V.  A.  of  each  eye. 

6.  The  P.  P.  of  each  eye  corrected. 

7.  The  muscular  balance. 

8.  The  lenses  prescribed  for  distance,  constant  wear  or  reading. 

9.  Particulars  of  the  frame. 
10.  Price  charged. 

Nos.  1  and  2  are  at  once  entered,  but  many  people,  especially  women, 
take  ungraciously  a  question  concerning  age,  being  perhaps  unaware  that 
it  is  an  essential  detail;  the  question  may  be  left  until  later  and  put  guardedly. 
As  soon  as  they  are  learnt  the  other  details  are  entered  in  the  spaces  reserved 
for  them  in  the  record  book. 

Further  data  that  may  be  required  are : 

Glasses  previously  used,  and  by  whom  prescribed. 

Added  presbyopic  correction. 

Apparent  P.  P.  of  each  eye  without  lenses. 

Apparent  P.  R. 

Apparent  Amp.  Ac. 

Ophthalmometric  or  other  objective  tests. 

The  medical  man  to  whom  a  case  is  referred  and  why. 

Other  points  which  may  present  themselves  as  worthy  of  record. 

If  the  test  is  made  by  different  methods,  for  instance,  by  retinoscopy  and 
by  test  lenses,  the  result  of  each  should  be  separately  entered  so  that  they 
may  be  compared.  This  also  should  be  done  with  tests  made  on  different 
occasions,  the  dates  being  appended. 

Value  of  Records. — A  customer  is  generally  glad  to  know  that,  in  case  of 
loss  or  breakage,  the  glasses  can  be  replaced  without,  of  necessity,  the  sight 
being  again  tested  or  fresh  frame  measurements  taken.  He  is  also  the  more 
likely  to  return  after  an  interval,  when  he  requires  new  glasses,  to  where  he 
knows  that  a  record  is  kept.  When  a  customer  returns,  even  after  years,  it 
is  extremely  useful  to  be  able  to  note  any  refractive  or  muscular  changes  and 
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his  record  should  be  easily  got  at.  Eecords  form  a  tangible  asset  to  the 
established  optician.  The  more  there  are  and  the  better  their  indexing,  the 
greater  is  the  value  of  his  connection. 

The  Writing  of  Prescriptions  is  a  work  to  which  due  attention  should  be 
given.  Many  opticians  give  so  many  details  concerning  the  frame  that  the 
manufacturer  finds  it  difficult  or  impossible  to  dovetail  them;  necessary 
details  only  should  be  given  and  unnecessary  ones  carefully  avoided,  they 
being  left  to  the  manufacturer.  It  is  a  common  oversight  to  omit  the  +  or 
-  sign,  or  to  misplace  or  omit  the  decimal  point,  or  to  omit  the  position  of 
the  axis  of  the  cylindrical.  Prescriptions  should  preferably  be  written  on 
proper  printed  forms. 

If,  as  it  should  always  be,  standard  notation  is  employed,  the  numerical 
positions  of  the  axes  suffice,  but  for  any  other  notation  a  line  drawn  through 
a  notated  half  circle  on  the  printed  form  should  be  given  in  addition.  A 
designation  of  so  many  degrees  up  and  in,  or  down  and  out,  is  impossible  of 
exact  interpretation,  and  should,  therefore,  not  be  used. 

Oculists'  Prescriptions  should  be  duly  filed,  or  the  details  entered  syste- 
matically in  a  book  kej)t  for  the  purpose,  particulars  of  the  frame  and  prices 
charged  being  added  to  those  given  on  the  R.  Medical  men,  as  a  rule,  leave 
to  the  optician  the  fitting  of  the  required  frames.  If  the  li  has  the  cyl. 
axes  indicated  in  other  than  standard  notation,  care  should  be  taken  to 
transcribe  it  accurately,  or  to  indicate  the  position  so  that  the  manufactiirer 
cannot  make  a  mistake.  Unless  permission  be  given,  it  is  better  not  to 
transpose  the  lenses  ordered. 


CHAPTER  VI 
HYPERMETROPIA 

Derivation. — v-n-ep,  beyond  ;  /xerpov,  measure ;  cuf,  eye. 

Definitions. — Hypermetropia,  or  hyperopia  (Fig.  47),  is  the  condition  of 
an  eye  in  which,  when  the  Ac.  is  suspended,  parallel  light  would  come  to  a 
focus  behind  the  retina,  the  latter  being  situated  within  the  principal  focal 
distance  of  the  refracting  system.  H.  is  therefore  that  condition  in  which 
the  P.  R.  (i.e.,  the  conjugate  focus  of  the  retina)  is  negative  and  situated 
behind  the  eye,  as  shown  in  Fig.  48. 


Fig.  47. 

H.  is  illustrated  when  a  screen  is  placed  within  F.  of  a  Cx.  lens.  Parallel 
light  refracted  by  the  lens  meets  the  screen  before  a  focus  is  formed;  light 
diverging  from  the  screen  emerges  from  the  lens  divergent  as  if  proceeding 
from  a  point  behind  the  screen. 


Fig. 


Causes. — The  foregoing  condition  can  result  from  the  eye  being  too  short 
axially,  while  the  refracting  power  is  normal,  or  from  the  length  being  normal 
while  the  refracting  power  is  deficient.  The  former  is  termed  axial,  and 
the  latter  refractive  H.  In  both  cases  the  focal  length  is  greater  thiin  the 
distance  from  the  principal  point  to  the  retina.  H.  does  not  exist  solely 
because  the  refraction  is  deficient  or  the  eye  is  too  short,  but  because  the 
refraction  is  deficient  for  the  length  or  the  length  deficient  for  the  refi  ac- 
tion. 
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Age  of  Appearance. — It  is  commonly  said  that  H.  appears  at  birth,  but 
as  a  condition  requiring  treatment  on  account  of  pain  or  difl&culty  in  vision, 
it  may  manifest  itself  at  any  period  of  life. 

Prevalence. — True  Em.  is  so  rare  that,  excluding  those  actually  myopic, 
practically  all  eyes  are  hypermetropic.  Further,  an  eye  Em.  in  middle  life 
may  not  have  been  so  in  childhood  and  does  not  remain  so  in  old  age.  Again 
those  which  are  Em.  when  the  Ac.  is  completely  paralyzed,  as  by  a  cyclo- 
plegic,  are  not  so  under  ordinary  conditions  and  vice  versa.  Since  only  a 
comparatively  small  proportion  of  people  are  M.,  it  follows  that  the  great 
majority  are  H. 

H.  Congenital  and  Acquired. — We  say  that  H.  is  congenital  or  original 
because  the  shortness  of  the  globe  is  not  acquired.  Whatever  the  refractive 
condition  of  the  eye  at  birth,  and  this  is  probably  slightly  hypermetropic, 
the  acquirement  or  not  of  H.,  as  found  later  in  life,  depends  simply  on  the 
axial  develojDment  with  relation  to  the  focal  power.  Thus,  in  a  sense,  H.  is 
developed  or  acquired  because  it  is  a  condition  of  insufficient  growth.  It  is 
also  often  hereditary.     True  acquired  H.  is  described  in  another  article. 

Refractive  H.  may  result  from  an  abnormally  low  curvature  of  the  cornea 
or  crystalline,  and  is  then  termed  curvature  H.  Or  it  may  result  from  (a)  a 
low  index  of  refraction  of  the  cornea  and  aqueous,  (6)  a  high  index  of  the 
cortical  layers  of  the  lens,  (c)  a  low  index  of  the  nuclear  portion  of  the  lens, 
(d)  a  high  index  of  the  vitreous.  With  the  exception  of  (6),  which  will  be 
referred  to  later,  none  of  these  conditions  of  altered  refractive  indices  are 
demonstrated  in  a  healthy  eye.  Curvature  H.,  due  to  the  cornea,  is  also 
sufficiently  rare  and  indeed  the  H.  eye  is  more  likely  to  have  a  cornea  of 
slightly  greater  curvature  than  is  found  in  Em.  We  do  not  assign  original 
H.  to  the  influence  of  the  crystalline. 

Axial  H. — Shortness  of  the  globe  is  the  common  cause  and,  in  this  con- 
dition, the  refractive  power — and,  therefore,  the  focal  lengths — are  presumed 
to  be  the  same  as  in  Em.  but  the  receiving  screen — i.e.,  the  retina — lies  in 
front  of  the  posterior  focal  plane. 

The  Degree  of  H.  varies  from  one  so  low  that  it  is  regarded  as  Em.  to 
that  known  as  microphthalmos,  in  which  the  eyes  are  very  small  and  ill- 
developed. 

The  Optical  Condition. — Although  H.  is  almost  always  due  to  abnormal 
shortness  of  the  globe,  yet  it  may  be  conveniently  regarded  as  one  of  in- 
sufficient refracting  power.  Thus  if  the  power  of  an  Em.  eye  be  50  D., 
that  of  an  H.  eye  is  less.  An  eye  H.  3  D.  can  be  taken  to  be  one  whose 
refractive  power  is  only  47  D.,  there  being  a  deficiency  of  3  D.,  which  could 
be  corrected  by  means  of  a  +  3  D.  lens.  The  power  of  the  correcting  lens 
added  to  that  of  the  eye  makes  the  total  power  equal  to  the  normal.  The 
condition  of  H.  is  'negative,  the  same  as  if  a  Cc.  lens  were  placed  in  front  of 
an  Em.  eye;  the  correction  or  neutralization  of  the  defect  is  a  positive  or 
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+  lens,  just  as  the  —  lens  in  front  of  an  Em.  eye,  which  produces  an  artificial 
H.,  would  be  neutralized  by  a  +  lens  of  equal  power.  The  strength  of  the 
correcting  lens  expresses  the  degree  of  optical  deficiency  or  error.  A  myopic 
eye  over-corrected  is  made  artificially  H. 

Accommodation  in  H. — If  V.  is  normal  there  is  constantly  exerted,  for 
00,  Ac.  equal  to  the  dioptric  expression  of  the  total  H.  Thus  in  H.  1  D.  or 
3  D.  there  is  exerted  for  go  respectively  1  D.  or  3  D.  of  Ac.  For  all  distances 
nearer  than  co  the  H.  exerts  as  many  D."s  of  Ac.  more,  than  does  the  Em., 
as  there  are  D.'s  of  H.  For  instance,  in  Em.  for  seeing  at  40  cm.  Ac.=: 
2-50  D.,  in  H.  1  D.  for  that  same  distance  Ac.=3-50  D.,  and  in  H.  3  D.  there 
aje  exerted  5-50  D.  and  so  on.  In  H.  fully  corrected  by  lenses,  the  exertion 
of  Ac.  is  the  same  as  in  Em.  In  H.  partly  corrected  by  lenses  the  exertion 
of  Ac.  exceeds  that  of  Em.  by  the  amount  of  H.  left  uncorrected.  Thus  in 
H.  3  D.  with  a  +  2  D.  lens  the  Ac.  action  would  be  as  in  H.  1  D. 

Convergence,  as  expressed  in  IVI.  A.'s,  is  the  same  in  H.  as  in  Em. 

Ac.  and  Con. — ^If  there  is  clear  binocular  vision,  Ac.  must  always  be 
exerted  in  excess  of  Con.  in  uncorrected  or  partially  corrected  H.  Thus  in 
H.  3  D.,  for  oo,  Ac. =3  D.  and  Con.=0;  at  50  cm.  Ac.=5  D.  and  Con.= 
2  M.  A.  If  the  H.  were  partially  corrected  by  a  +1  D.  the  Ac.  exceeds 
Con.  at  all  distances  by  2  units.  Only  if  the  H.  be  totally  corrected  by  a 
+  3  D.  lens  are  the  functions  equal  as  to  quantity. 

Divisions. — H.  is  divided  into  manifest  and  latent.  Manifest  H.  is  that 
portion  of  the  defect  which  is  apparent  and  measurable  by  means  of  Cx. 
lenses.  Latent  H.  is  that  which  is  hidden  by  accommodative  action  and 
cannot  be  measured  by  Cx.  lenses,  unless  the  eye  is  under  the  influence  of  a 
cycloplegio      The  manifest  plus  the  latent  is  the  total  H. 

H.  can  be  further  classified  a.s  facultative,  absolute,  and  relative.  Faculta- 
tive H.  is  that  neutralized  or  corrected  by  Ac.  action.  Absolute  H.  is  that 
not  neutralized  by  Ac.  action.  Relative  H.  is  that  which  becomes  facultative 
by  squinting.  Relative  may  be  present  at  the  same  age  as  either  of  the 
others,  the  squint  being  periodic.  The  facultative  plus  the  absolute  also  is 
equal  to  the  total  H. 

The  terms  facultative  and  absolute  are  sometimes  applied  to  express  the 
conditions  of  H.  in  which  V.  is,  respectively,  normal  and  subnormal.  That 
is,  they  express  general  conditions  and  not,  as  above  defined,  definite  parts 
of  the  total  H.  As  here  defined,  there  may  be  facultative  and  absolute  H. 
in  the  same  eye  at  different  periods  of  life  or  even  at  the  same  period  at 
diflerent  moments. 

Manifest  H. — In  most  cases  with  young  people  where  Ac.  is  active,  the 
exact  degree  of  manifest  H.  is  difficult  to  determine,  since  the  amount  of  Ac. 
exerted,  and  consequently  the  V.  obtained  with  a  certain  lens,  fluctuates 
from  moment  to  moment.  Manifest  H.  may  be  partly  absolute  and  partly 
facultative. 
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Latent  H. — All  hyperopes,  unless  so  old  as  to  possess  little  or  no  Ac 
exert  that  function  in  distant  vision  and  it  does  not  entirely  relax  on  the 
application  of  Cx.  lenses;  in  other  words,  the  ciliary  muscle  acquires  a  per- 
manent, but  perfectly  normal,  cramp.  Such  portion  of  the  H.  as  is  thus 
masked  is  termed  latent  and  it  is,  of  course,  also  facultative.  It  can  be  made 
manifest  only  by  the  application  of  a  cycloplegic,  and  the  drug  may  cause 
a  portion  of  it  to  remain  permanently  manifest.  A  similar  result  may  be 
obtained  hy  fogging  (q.v.).  The  presence  of  latent  H.,  and  its  approximate 
degree,  can  be  sometimes  determined  by  the  position  of  the  P.  P. 

Total  H. — Until  late  in  life,  the  total  H.  is  usually  partly  manifest  and 
partly  latent  and  the  proportions  vary  very  considerably  in  different  eyes, 
and  in  the  same  eyes  at  different  periods  of  life.  The  proportion  of  latent  is 
governed  chiefly  by  the  amount  of  Ac.  possessed,  which  again  depends  greatly 
on  the  age,  and  by  the  smallness  of  the  total  error.  In  young  people  and 
even  up  to,  say,  30  years  of  age  a  low  degree  of  H.  would  probably  be  all 
latent.  Indeed,  as  previously  stated,  such  a  refractive  condition  is  regarded 
as  Em.  Very  late  in  life  H.  must  become  all  manifest,  as  there  is  then  no 
Ac.  available  for  the  purpose  of  neutralizing  the  refractive  error.  In  general, 
the  higher  the  total  H.  the  smaller  proportion  of  it  is  latent.  Thus,  if  at  any 
given  age,  the  total  error  is  1  D.,  it  may  be  all  latent,  if  3  D.  it  may  be  half 
latent,  while  if  6  D.  probably  not  much  more  than  one-quarter  of  it  would  be 
latent.  As  a  rough  approximation  in  medium  degrees  of,  say,  2  D.  to  4  D. 
total  H.  which  is  facultative  we  may  assume  that  at  10  years  of  age  3/4,  at 
20  years  1/2,  at  30  years  1/4  or  1/3  is  latent,  and  at  40  years  all  is  manifest. 
This  approximation  can  be  expressed  by 

HI  _H"i-  (40 -age), 
age 

In  some  cases  a  latent  error  is  found  later  than  40. 

Facultative  H. — That  portion  of  the  H.  which  is  masked  by  Ac.  action 
is  ieimed  facultative.  If  V.  is  normal  the  H.  is  all  facultative,  of  which  part 
may  be  manifest  and  part  latent.  The  latent  is  facultative,  the  manifest 
may  be  so  or  not.  Usually  low  degrees  of  H.  are  wholly  facultative,  as  it  is 
easy  for  one  possessing  a  large  amplitude  of  Ac.  to  use,  for  distance,  sufficient 
to  supplement  the  deficiency  in  the  static  refractive  power,  and  there  is 
usually  simultaneous  binocidar  vision. 

Absolute  H. — When  Ac.  cannot  be  exerted  to  an  extent  sufficiently  great 
to  bring  parallel  light  to  a  focus  at  the  retina  V.  is  subnormal,  and  the  term 
absolute  H.  is  applied  to  that  portion  of  the  defect  which  the  Ac.  cannot 
correct.  As  a  rule,  in  high  degrees  part  of  it  is  absolute;  the  lower  degrees, 
which  early  in  life  were  facultative,  become  partly  or  wholly  absolute  as  age 
advances  and  the  Ac.  amplitude  becomes  smaller  and  smaller.  Absolute  H. 
is,  of  course,  also  manifest,  and,  under  cycloplegics  and  in  extreme  old  age, 
the  H.  is  therefore  totally  absolute  as  well  as  totally  manifest.     With  abso- 
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lute  H.  there  may  be  simultaneous  binocular  vision,  alternating  binocular 
vision,  or  monocular  vision. 

Relative  H. — When  vision  of  one  or  both  eyes  becomes  normal,  or  is 
improved  by  means  of  convergence  to  a  nearer  point,  H.  is  said  to  be  relative, 
in  which  simultaneous  binocular  vision  is  impossible,  it  being  either  monocular 
with  a  monolateral  squint,  or  alternating  binocular  with  an  alternating 
squint.  The  relationship  between  H.  and  convergent  strabismus  is  more 
fully  dealt  with  under  the  latter  subject. 

Spasm  of  Ac.  is  the  condition  that  results  if  a  Hypermetrope  exerts  more 
Ac.  for  distance  than  the  degree  of  H.  If,  in  H.  3  D.  the  Ac.=3  D.  and  none 
of  it  can  be  relaxed,  the  H.  is  said  to  be  all  latent;  if  4  D.  Ac.  is  exerted  in 
the  same  defect,  it  is  termed  spasm  of  Ac.  Accommodative  spasm  generally 
results  from  uncorrected  As.  and  causes  H.  to  be  apparently  M.  The  term 
spasm  is  sometimes  applied  in  those  cases  which,  although  manifesting  H., 
have  a  large  percentage  latent. 

Acquired  H. — Apart  from  H.,  which  is  due  to  an  undeveloped  condition 
of  the  eye,  there  is  that  known  as  acquired  H.,  which  may  result  from  (a)  re- 
moval or  dislocation  of  the  crystalline  lens — i.e.,  aphakia  {q.v.),  {b)  increase 
of  the  refractive  index  of  the  vitreous  humour  due  to  general  disease,  (c)  de- 
creased refractive  power  of  the  eye  due  to  age.  The  term  acquired  H .  is 
commonly  and  more  definitely  applied  to  this  last  condition.  Acquired  H. 
becomes  noticeable  at  fifty  or  fifty-five  years  of  age,  when  an  eye  previously 
Em.  becomes  H.,  or  if  previously  H.  the  defect  increases,  while  M.  becomes 
less,  and  later  may  become  Em.  or  even  slightly  H. 

The  causes  of  acquired  H.  are  not  exactly  proved,  but  it  is  thought  to 
be  due  to  increased  density  of  the  cortical  layers  of  the  crystalline  lens.  If 
this  occurs,  instead  of  the  light  being  refracted  at  successive  layers  of  the 
lens,  which  increase  gradually  both  in  density  and  curvature,  it  is  refracted 
more  at  the  outer  but  less  at  the  central  layers,  so  that  the  effect  of  the 
higher  curvature  of  the  nucleus  of  the  lens  is  lost.  To  this  may  be  added  the 
effect  of  three  other  possible  changes  produced  by  age,  viz.,  (a)  lessened 
curvature  of  the  front  surface  of  the  crystalline,  (6)  increased  thickness  of 
the  crystalline  lens,  and  (c)  increased  density  of  the  vitreous.  As  a  physio- 
logical condition  (c)  is  not  recognized;  (a)  and  (6)  are  not  definitely  proved. 
Moreover,  the  influence  of  (6)  would  be  small  and  doubtful  as  to  causing  H 
Flattening  of  the  cornea  can  also  be  excluded. 

Whatsoever  may  be  the  causes,  it  is  known  that  at  a  certain  period  of  life 
the  eye,  as  a  refracting  body,  commences  to  lose  some  of  its  power,  and  the 
reduction  continues  year  by  year,  showing  approximately  the  following: 

Age        55  60  65  70  75  80 

Acquired  H.  in  D.'s   . .     -25  -50  1-00  1-50  2-00  2-50 

If  a  certain  amount  of  H.  be  determined  in  an  old  person,  it  is  of  no 
interest  to  know  how  much  of  it  is  original  and  how  much  is  acquired,  since 
both  are  included  in  the  same  test  and  correction. 
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The  Measure  of  H.- — The  measure  of  the  total  H.  is  the  power  of  that 
Cx.  lens  with  which,  when  Ac.  is  at  rest,  V.  reaches  its  highest  acuity.  But 
until  quite  late  in  life  or  when  under  the  influence  of  a  cycloplegic,  Ac.  is 
never  at  complete  rest,  and  we  can  in  ordinary  vision  only  obtain  the  measure 
of  the  manifest  part  of  the  defect.  The  lens  which  measures  the  total  H. 
is  that  whose  focus  coincides  with  the  true  P.  E.  That  which  measures  the 
manifest  H.  has  its  focus  coincident  with  the  apparent  P.  E.  which  obtains 
when  Ac,  representing  the  latent  H.,  is  in  force.  Manifest  H.  is  measured 
by  the  strongest  +  lens  which  does  not  cause  vision  to  be  worse  than  it  is 
with  any  weaker  lens.  For  instance,  if  V.  =  6/4  and  remains  6/4  with  + 1-5  D . 
but  becomes  slightly  worse  with  + 1-75  D.,  the  measure  of  the  manifest  H. 
is  1*5  D.  A  truer  measure  of  the  manifest  H.  is  obtained,  as  described  later, 
by  finding  the  strongest  +  lens  accepted  by  each  eye,  when  both  are  engaged 
in  vision. 

The  measure  of  the  latent  H.  is  the  difference  between  the  strongest 
+  lens  accepted  before  the  application  of  a  drug,  and  the  +  lens  which  gives 
best  vision  when  the  eye  is  under  its  influence.  The  measure  of  the  manifest 
facultative  H.  is  the  same  as  that  of  the  manifest  when  V.  is  normal.  The 
measure  of  the  manifest  facultative,  when  V.  is  subnormal,  is  the  difference 
between  the  strongest  and  weakest  +  lenses  with  which  the  best  possible  V. 
is  obtained.  The  measure  of  absolute  H.  is  therefore  the  weakest  +  lens 
which  gives  best  vision. 

Suppose  V.=6/18,  becomes  6/6  with  +1-5  D.,  is  still  6/6  with  +3-5  D. 
and  under  atroj^ine  is  6/6  with  +4-5  D.;  then  the  total  H.  is  4-5  D.,  the 
manifest  3-5  D.,  the  latent  1  D.,  the  facultative  3  D.  and  the  absolute  1-5  D. 

In  some  cases  a  very  rough  approximation  of  the  total  H.  is  the  dioptric 
difference  between  the  apparent  and  the  assigned  P.  P.  for  that  age.  If 
the  test  is  made  with  the  +  lens  which  corrects  the  manifest  H.,  the  same 
difference  is  very  rough  approximation  of  the  degree  of  latent  H. 

Effectivity  of  a  Cx.  Lens. — The  greater  the  distance  between  a  Cx.  lens 
and  the  eye,  the  greater  is  the  effectivity  of  the  former.  In  under-corrected 
absolute  H.  if  the  lenses  were  put  farther  forward,  they  would  improve  V. 
because  the  light  is  then  more  convergent  on  entering  the  eyes ;  at  the  same 
time  the  retinal  images  become  larger  owing  to  advance  of  the  nodal  point. 
Artificial  Ac.  is  obtained  by  altering  the  distance  of  the  lens  from  the  eye; 
the  subject  is  treated  in  another  chapter.  If  equally  clear  vision  for  distance 
results  when  a  Cx.  is  moved  outwards  from  the  eye,  it  shows  that  a  stronger 
lens  will  be  accepted. 

The  True  Degree  of  H.— Since  the  effectivity  of  a  Cx.  lens  increases  as  it 
is  farther  from  the  eye,  it  corrects  more  H.  than  is  indicated  by  its  number 
in  diopters,  although  in  low  errors  the  difference  is  negligible.  The  true 
degree  of  H.  would  be  represented  by  a  thin  auxiliary  Cx.  lens  placed  in  the 
principal  plane  of  the  eye.  If  placed  some  17  mm.  in  front  of  the  latter,  its 
focal  length  must  be  17  mm.  longer.     Thus  a  true  H.  of,  say,  5  D.  would  be 


HYPEKMETROPIA  10.3 

corrected  by  a  lens  whose  F.=200  + 17=217  mm.  or  +4-61  D.;  that  is,  a 
+  4-61  D.  placed  15  mm.  from  the  cornea  corrects  5  D.  of  true  H.  However, 
the  method  of  indicating  the  degree  of  H.  by  the  power  of  the  correcting 
lens,  as  usually  worn,  is  convenient  and  always  understood  unless  otherwise 
stated. 

Variations  in  the  Degree  of  H. — A  child's  eye  tends  to  develop  with  bodily 
growth;  if  originally  H.  we  can  say  that,  in  general,  from  childhood  to  maturity 
the  total  H.  tends  to  decrease.  During  middle  life  it  remains  stationary 
until,  at  about  50  or  55  years  of  age,  it  commences  to  increase  owing  to 
acquired  H.  But  while  the  total  H.  usually  remains  stationary  between 
about  15  and  50,  the  manifest  H.  varies  very  considerably,  increasing  little 
by  little  every  year  with  the  diminution  of  Ac.  In  addition,  the  absolute 
manifest  encroaches  on  the  facultative  manifest. 

The  P.  R. — -The  far  point  is  the  conjugate  focus  of  the  retina  when  Ac. 
is  totally  at  rest.  In  Em.  it  is  at  oo,  the  retina  being  situated  at  F.  of  the 
dioptric  system.  In  H.  the  retina  is  situated  within  F. ;  convergent  light 
only  can  be  brought  to  a  focus  at  the  retina,  and,  if  light  diverges  from  the 
latter,  it  emerges  from  the  eye  still  divergent,  although  very  much  less  so 
than  before  refraction;  the  point  from  which  it  apparently  diverges  on 
emergence  is  the  virttial  or  negative  P.  R.  of  the  eye.  This  is  behind  the 
principal  point  at  a  distance  equal  to  the  focal  length  of  the  correcting  lens 
and,  although  the  latter  is  placed  at  the  anterior  F.  of  the  eye,  instead  of  in 
the  principal  plane,  it  is  sufficiently  accurate  for  practical  purposes.  In  all 
cases,  no  matter  where  the  correcting  lens  is  placed,  its  focal  point  coincides 
with  the  P.  R.  so  that  the  latter  may  be  defined  as  that  point  towards  which 
light  must  be  convergent,  on  entering  the  eye,  in  order  to  be  brought  to  a 
focus  at  the  retina  by  the  static  dioptric  system.  When  H.  is  partly  latent 
the  apparent  P.  R.  is  more  distant,  or,  expressed  in  diopters,  it  is  less  than 
the  true  P.  R.,  which  can  be  found  only  when  the  ciliary  muscle  is  paralyzed 
by  a  cycloplegic. 

The  P.  R.  of  a  H.  eye  is  similar  to  the  virtual  image  of  an  object  situated 
within  the  focal  distance  of  a  Cx.  lens.  The  nearer  the  object  is  to  F.,  the 
more  distant  is  the  image,  while  the  nearer  the  object  is  to  the  lens  the 
nearer  also  is  the  image.  In  high  H.  light  emerges  from  the  eye  very  diver- 
gently and,  on  being  referred  back,  meets  at  a  shorter  distance  behind  the 
eye  than  in  low  H.  where  the  P.  R.  is  at  a  considerable  distance.  The  P.  R 
is  calculated  by  dividing  100  by  the  amount  of  H. — i.e.  by  the  dioptric 
deficiency.  Thus  in  H.  -5  D.,  3  D.  and  8  D.  the  P.  R.  is  respectively  at 
100/-  -5=  -  200  cm.,  100/-  3=  -  33  cm.,  100/-  8=  -  12-5  cm. 

If  the  defect  is  expressed  by  the  correcting  lens,  the  distance  between  it 
and  the  principal  plane  must  be  added  to  the  estimated  P.  R.  in  order  to 
obtain  the  true  P.  R.  Thus,  if  a  given  case  of  H.  be  corrected  by  +2  D. 
placed  17  mm.  in  front  of  the  principal  plane,  the  true  P.  R.  is  at  100/  — 2=  — 
50+1-7=  -48-3  cm.     The  P.  R.  in  H.  being  negative,  can  only  be  deter- 
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mined  indirectly  by  optometric  measurement  and  is  the  apparent  value  only 
because  Ac.  is  not  totally  relaxed.  The  P.  R.  is  the  most  distant  point  of 
clear  vision  and  in  H.  it  is  sometimes  said  to  be  beyond  co ;  actually  there 
can  be  no  point  of  clear  distant  vision,  this  being  blurred  for  all  distances 
when  Ac.  is  at  rest.     When  fully  corrected  the  P.  R.  is  placed  at  oo. 

The  P.  P. — The  P.  P.,  or  nearest  point  of  distinct  vision,  obtains  when 
all  the  Ac.  is  exerted.  Since  the  hypermetrope  exerts  some  Ac.  for  dis- 
tance, he  has  less  available  for  close  work  and  therefore,  with  the  same 
amplitude,  his  P.  P.  is  more  distant  than  in  Em.  Thus  in  Em.  with  an 
amplitude  of  8  D.,  the  P.  P.  is  at  100/8=12-5  cm.,  while  in  H.  2  D.  it  is  at 
100/(8 -2)=l6-5  cm.  The  hypermetrope  of  2  D.  with  8  D.  Amp.  is  in  the 
same  condition,  in  this  respect,  as  an  emmetrope  with  6  D.  Amp.  If  the  H. 
is  5  D.  and  the  Amp.  also  5  D.  the  P.  P.  would  be  at  oo.  Since  the  P.  P. 
for  the  same  Amp.  is  more  distant  in  H.  than  in  other  refractive  conditions, 
its  measurement  is  of  some  utility  in  determining  H.  and  estimating  its 
approximate  total  or  latent  degree.  A  +  lens  which  fully  or  partially  corrects 
the  H.,  places  the  P.  P.  nearer  to  the  eye  by  a  dioptric  distance  equal  to  the 
power  of  the  lens. 

Range  and  Amplitude  of  Ac. — Since  some  Ac.  in  H.  is  used  for  oo,  and 
the  available  amplitude  for  finite  distances  is  thereby  lessened,  the  range  is 
restricted  compared  with  Em.  having  the  same  amplitude.  Thus  in  Em. 
with  an  Amp.  of  10  D.,  the  range  is  from  oo  to  10  cm. ;  in  H.  2  D.  with  the 
same  Amp.,  the  range  is  from  oo  to  12-5  cm.  In  such  a  case  the  H.  uses 
2  D.  Ac.  to  bring  his  P.  R.  to  oo,  and  has  left  only  8  D.  Ac.  available  to 
represent  his  P.  P.  The  full,  or  partially  correcting,  lens  alters  only  the 
range,  but  not  the  Amp.  Ac,  by  bringing  both  the  far  and  near  points  nearer 
to  the  eye. 

More  accurately  stated  the  range,  in  the  case  illustrated,  is  from  —50  cm. 
to  12-5  cm.,  but  the  negative  portion  is  of  no  practical  value,  and  although 
the  available  Amp.  Ac.  is  lessened  by  H.,  the  true  Amp.,  of  course,  remains 
unchanged.  Thus  in  the  example  given,  the  Amp.=P  — R=8  — (  — 2)= 
10  D.,  or  the  same  as  in  Em.  The  sphincter  fibres  of  the  ciliary  muscle  are 
said  to  be  more  developed  in  low  and  medium  H.  and  the  actual  Amp.  Ac. 
at  any  given  age  is  generally  higher  than  in  Em.  and  still  more  so  than  in 
M,,  but  in  some  cases  of  absolute  H.  the  Amp.  Ac.  seems  to  be  considerably 
lessened. 

Shortening  oJ  the  Globe.^ — The  axially  H.  eye  is  shorter  than  the  Em. 
approximately  -33  mm.  for  each  diopter  of  error;  thus  in  H.  3  D.  it  is  shortened 
1  mm.  Since  the  refracting  power  of  the  H.  eye  is  presumed  to  be  the  same 
as  in  Em.,  the  position  of  the  nodal  point,  when  the  eye  is  at  rest,  is  also 
the  same,  and  we  may  consider  the  shortening  to  be  totally  behind  the  nodal 
point. 

The  Retinal  Image. — Since  the  distance  between  the  nodal  point  and  the 
retina  is  shorter  in  H.  than  in  Em.  the  retinal  image  is  smaller.     A  com- 
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parison  can,  however,  only  be  made  when  there  is  a  sharp  retinal  focus  in 
both  cases.  Cx.  lenses  increase  the  size  of  the  retinal  image  by  moving  the 
nodal  point  forward,  and  this  is  the  more  pronounced  as  the  lens  is  farther 
out  from  the  eye.  When  the  correcting  Cx.  lens  is  at  the  anterior  focal  plane 
of  the  eye,  the  retinal  image  is  the  same  as  it  would  be  in  Em.  In  axial 
H.  with  Ac.  relaxed,  the  image  formed  (in  theory)  behind  the  retina  is  the 
same  as  in  Em.  A  Cx.  lens,  placed  at  F^,  brings  it  forward  to  the  retina 
without  changing  its  size.  Some  other  lens  nearer  than,  or  beyond,  F-^, 
could  also  bring  the  image  to  the  retina,  but  it  would  be  smaller  in  the  first 
case  and  larger  in  the  second  (vide  Retinal  Image). 

Vision  in  H. — If  Ac.  is  suspended  parallel  light  tends  to  focus  behind 
the  retina  and,  therefore,  at  the  latter  circles  of  confusion  are  formed  instead 
of  point  foci.  These  confusion  circles  overlap  each  other,  so  that  vision  is 
blurred,  and  is  the  more  impaired  as  the  circles  are  larger — i.e.  the  greater 
the  degree  of  H.  Divergent  light  from  a  near  object  causes  still  larger 
confusion  circles  since  its  conjugate  is  farther  back,  thus  causing  vision  to 
be  still  more  impaired.  Only  convergent  light  can  be  brought  to  a  focus 
on  the  retina  of  a  passive  H.  eye  and  as,  in  nature,  light  is  either  parallel  or 
divergent,  unaided  vision,  for  all  distances,  is  impaired  with  Ac.  at  rest. 
For  clear  vision  the  total  refracting  power  of  the  eye  must  be  increased  by 
means  of  Ac.  or  a  Cx.  lens.  In  H.  3  D.  the  needed  convergence  to  be  given 
to  parallel  light  would  be  obtained  from  a  +  3  D.  lens,  or  by  increasing  the 
ocular  power  by  accommodating  3  D.  The  exertion  of  Ac.  equal  to  the 
error  is  what  usually  occurs  in  H.  of  low  degree  and,  consequently,  vision  is 
very  good,  and  equal  to,  or  even  better  than,  that  found  in  Em.  In  High  H. 
the  needed  Ac.  action  is  usually  impossible  and  therefore  unaided  V.  is  bad, 
especially  for  near  objects. 

If  unaided  V.  is  normal,  it  remains  the  same  with  a  correcting  lens,  the 
latter  cannot  further  improve  it.  If  V.  is  subnormal,  lenses  must  improve 
it,  and  although  the  V.  A.  is  generally  rendered  normal,  it  is  not  as  a  rule 
so  sharp  as  in  the  former  class.  Again,  in  many  cases,  the  V.  A.  (i.e.  corrected 
\.)  remains  lowered  in  high  absolute  H.  because,  never  having  enjoyed 
clear  vision,  there  is  a  mental  failure  to  appreciate  a  sharp  retinal 
image  obtained  by  correction.  The  H.  eye,  being  under-developed,  pos- 
sesses fewer  receptive  and  transmissive  elements— ^.e.  rods,  cones  and  nerve 
fibres,  besides  which  the  image  is  generally  smaller  than  in  the  normal  eye. 
It  is  always  expected,  in  these  cases,  that  the  use  of  correcting  lenses  will 
improve  the  V.  A.  to  some  extent  and  this  is  often  realized.  When  Ac.  is 
active,  there  is  no  definite  relationship  between  unaided  V.  and  the  degree 
of  H.  If  Ac.  be  suspended,  V.  is  approximately  the  same  as  in  M.  of  a  degree 
equal  to  that  of  the  H.,  but  the  size  of  the  pupil  has  some  influence  in  this 
connection. 

Symptoms  and  Troubles  in  H. — In  absolute  H.,  the  vision  is  defective 
but  not  as  a  rule  painful.     Defective  sight  is  accepted  as  a  natural  con- 
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dition  and  vision  for  near  objects,  sucli  as  print,  is  obtained  by  holding  the 
latter  very  near  the  eyes  to  secure  large,  although  blurred,  retinal  images. 
The  habit  of  reading  close  to  the  eyes  may  cause  absolute  H.  to  be  mistaken 
for  high  myopia ;  in  the  latter  condition,  however,  one  eye  only  is  sometimes 
employed,  while  in  H.  the  use  of  both  is  usual.  Facultative  H.  of  low  degree, 
in  young  people  with  normal  acuity,  may  not  cause  painful  symptoms,  but 
sooner  or  later  every  such  case  must  cause  asthenopia  and,  at  some  period 
of  life,  the  H.  must  become  absolute. 

Strain  on  the  ciliary  muscle  causes  frontal  headaches.  Restraint  of 
excessive  Con.  by  the  external  recti  is  manifested  by  neuralgic  pain  near 
the  temples,  especially  with  women.  The  necessity  for  Ac.  in  excess  of  Con. 
causes  esophoria,  or  there  may  be  a  convergent  squint. 

Other  symptoms  are  weakness,  fatigue  and  dimness  of  vision  in  near 
work.  The  eyes  and  lids  are  apt  to  be  red  and  inflamed;  wind,  dust  and 
bright  light  cause  annoyance,  if  not  actual  discomfort.  The  eyes  feel  tired, 
esj)ecially  at  night  or  on  arising  in  the  morning.  There  is  a  general  feeling 
of  ocular  malaise  and  when,  in  near  work,  the  eyes  become  tired,  print,  etc., 
is  brought  closer.  The  advent  of  wrinkles  over  the  brows  and  near  the 
temj)les  is  hastened  by  uncorrected  H. 

Asthenopia  results  because  the  demand  on  Ac.  is  excessive  and  constant. 
The  emmetrope  exerting  equally  Ac.  and  Con.  can  relieve  any  muscular 
strain  in  near  work  by  looking  at  a  distant  object,  but  the  hypermetrope, 
needing  Ac.  in  excess  of  Con.,  cannot  obtain  complete  accommodative  rest 
in  this  way.  He  must  exert  more  Ac.  at  every  distance  than  the  Em.,  and 
the  ciliary  muscle  is  never  in  complete  repose  when  the  eyes  are  engaged  in 
\ision. 

But  a  still  more  jjotent  cause  of  asthenopia  lies  in  the  fact  that  the  effort 
of  Ac.  is  greater  than  that  of  Con.  Wlien  the  efforts  are  equal,  which  is 
frequently  the  case,  there  is  no  asthenopia,  notwithstanding  that  the  re- 
sultant quantities  of  Ac.  and  Con.  are  not  the  same.  Thus  asthenopia  is 
more  likely  to  occur  when  there  is  simultaneous  binocular  vision;  on  the 
other  hand  it  is  less  probable  when  vision  is  monocular,  as  when  there  is 
a  squint.  As  a  rule,  asthenopia  is  more  prevalent  when  vision  is  acute, 
especially  when  much  close  work  is  done.  If  distant  vision  is  painful  in 
facultative  H.,  near  vision  is  still  more  so;  frequently  the  complaints  are 
only  with  respect  to  close  work,  but  some  suffer  constant  pain,  strain,  or 
headaches.  Asthenopia  continues  until  recourse  is  made  to  corrective 
lenses,  or  if  this  be  not  done  it  may  disappear  when,  later  in  life,  the  H. 
becomes  absolute  and  all  excessive  accommodative  effort  is  abandoned. 

While  low  H.  in  young  people  may,  as  stated,  permit  of  painless  as  well 
as  good  vision,  this  cannot  continue  throughout  life.  As  age  advances,  and 
the  accommodative  power  diminishes,  the  constant  exertion  of  Ac.  becomes 
more  difficult,  and  asthenopia,  not  present  in  earlier  life,  aj)pears  at,  say, 
25  or  30,  but  the  advent  of  difficult  and  painful  sight  may  be  so  late  in  life 
that  it  is  often  assigned  to  presbyopia  rather  than  to  H.  itself. 
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The  Determination  of  H. — If  V.  is  normal  and  a  weak  convex  lens  blurs 
the  sight,  Em.  is  apparently  indicated.  If,  however,  vision  remains  the  same 
as  without  the  lens,  it  shows  that  the  latter  has  replaced  an  equal  quantity 
of  Ac,  previously  exerted,  and  that  manifest  H.  is  present.  If  V.  is  sub- 
normal a  convex  may  improve  the  sight  so  that  if  any  +  lens  improves  or 
does  not  impair  vision,  whether  normal  or  subnormal,  H.  is  determined.  In 
Em.  or  M.,  V.  with  a  Cx.  lens  is  worse  than  without  it. 

When  there  is  a  simple  H.  As.  {q.v.)  there  is  occasionally  some  doubt  as  to 
whether  a  weak  +  lens  does  or  does  not  blur  V.,  and  this  doubt  practically 
determines  that  condition.  Even  if  a  weak  +  sph.  blurs  the  sight  of  each 
eye  separately,  a  pair  of  such  lenses  applied  simultaneously  to  the  two  eyes 
may  not  cause  impairment  of  sight,  and  if  this  occurs,  H.  is  determined.  If 
H.  is  all  latent,  or  if  there  is  spasmodic  Ac.  action,  a  weak  +  sph.  blurs  V. ; 
the  condition  may,  however,  possibly  be  determined  by  the  P.  P. 

So  rarely  is  the  Amp.  of  Ac.  below  that  assigned  to  each  age  that  it  is 
quite  safe  to  consider  H.  to  be  indicated  if  the  P.  P.  is  markedly  beyond  the 
position  corresponding  to  the  minimum  ampHtude,  even  though  the  weakest 
+  sph.  blurs  the  sight.  Thus  if  at,  say,  20  years  of  age,  the  P.  P.  shows  only 
8  D.,  it  is  safe  to  conclude  that  the  eye  is  H.  at  least  2  D.  It  does  not,  how- 
ever, follow  that  if  the  P.  P.  is  at  the  minimum  normal  distance,  or  within  it, 
the  absence  of  H.  is  proved,  because  the  amplitude  is  liable  to  vary  consider- 
ably in  different  individuals  of  the  same  age.  If  H.  is  not  determined  by  the 
foregoing  methods,  a  cycloplegic  may  cause  it  to  become  manifest. 

The  following  points  should  be  particularly  noted : 

(a)  The  fact  that  V.  is  normal  does  not  preclude  the  existence  of  H. 

(b)  A  +  sph.  does  not  necessarily  improve  V.  when  there  is  H. 

(c)  If  a  weak  +  sph.  blurs  V.,  the  absence  of  H.  is  not  -positively  proved, 
hut  merely  that  there  is  no  manifest  H.  ;  there  may  he  H.  all  latent  or  spas- 
modic Ac. 

(rf)  The  fad  that  the  P.  P.  shows  more  than  the  minimum,  Amp.  of  Ac.  does 
not  prove  H.  to  he  absent  or  that  any  other  defect  e'xists. 

The  Determination  of  the  Degree. — H.  having  been  determined,  the 
power  of  the  lens  is  increased  until  V.  becomes  worse  and  the  lens  immedi- 
ately preceding  that  which  commences  to  impair  the  sight  is  the  measure  oj 
the  monocidar  manifest  H.  This  lens,  therefore,  is  the  strongest  with  tvhich 
V .  is  as  good  as,  or  better  than,  it  is  without  any  lens  or  with  any  weaker  lens  ; 
if  it  is  increased  -25  D.  in  strength  it  makes  V.  worse;  if  decreased  -25  D. 
it  does  not  make  V.  better.  A  weaker  lens  allows  more  Ac.  to  be  exerted, 
while  a  stronger  one  makes  the  eye  practically  myopic.  Thus,  if  a  person 
20  years  of  age  has  manifest  H.  2  D.,  he  will  probably  see  equally  well  through 
any  +  lens  froiv  -25  D.  to  2  D.,  but  he  will  see  less  acutely  through  a  +  2-25  D. 
Then  +2  D.  is  the  measure  of  the  manifest  H.,  because  a  stronger  lens 
impairs  sight  and  a  weaker  one  does  not  improve  it. 

If,  with  the  correcting  lenses  for  the  manifest  H.,  the  P.  P.  is  farther 
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away  than  the  age  warrants,  the  deficiency  of  power  may  be  taken  to  lie  in 
the  static  refraction.  Thus  suppose  at  20  years  of  age  +2  D.  is  accepted 
for  the  manifest  H.  and  the  P.  P.  is  8  D.,  then  the  deficient  2  D.  represents 
latent  H.  although  the  amount  would  probably  be  greater  than  this.  The 
deficiency  in  the  Amp.  may,  however,  be  paretic  or  physiological. 

The  measure  of  the  manifest  H.  can,  however,  be  determined  only 
after  any  existing  As.  has  been  corrected. 

The  Binocular  Test. — When  the  one  eye  is  occluded  binocular  fixation  is 
impossible  and  if,  as  is  usually  the  case,  there  is  a  condition  of  esophoria,  the 
one  turns  inwards  behind  the  occluding  disc  while  the  other  eye  fixes.  It  is 
then  found  that  Ac.  does  not  relax  so  fully  as  when  Con.  is  adjusted  for  oo. 
Hence  it  follows  that  the  measure  of  the  manifest  H.  is  usually  greater  when 
binocular  fixation  occurs.  After  each  eye  has  been  corrected  separately  it 
may  be  found  that  equally  clear  vision  is  obtained  when  a  pair  of  weak  + 
sph.'s  is  added  binocularly.  The  additional  power,  thus  accepted,  may  be 
only  +  '25  D.,  but  it  may  be  as  high  as  +  1  D.  or  even  more,  and  it  is  usually 
greater  as  the  hyperope  is  young  and  vice  versa.  The  measure  of  the  mani- 
fest H.,  if  the  fullest  correction  is  needed,  as  in  high  esophoria,  is  only  obtained 
binocularly,  but  usually  the  correction  of  H.  does  not  demand  the  binocular 
additional  +  power  accepted.  Also  sometimes  no  H.  at  all  is  manifest 
except  binocularly. 

On  the  other  hand,  when  exophoria  is  present,  the  occluded  eye  may 
diverge  and  Ac.  is  less  freely  exerted,  so  that  a  high  measure  of  manifest  H. 
is  obtained  monocularly.  When  both  eyes  fix  for  oo  the  initial  Con.  then 
exerted  is  accompanied  by  Ac.  action.  In  such  a  case,  if  normal  V.  be 
obtained  monocularly,  with  Cx.  lenses,  it  may  become  blurred  binocularly, 
or,  anyhow,  it  is  usually  more  difficult  to  repress  the  Ac.  in  binocular  dis- 
tant V.  In  order  to  clear  the  sight  and  produce  harmonious  action  of  Ac. 
and  Con.,  it  is  necessary  to  reduce  the  power  of  the  -i-  lenses  selected  mon- 
ocularly, and  this  is  done  by  the  addition  of  pairs  of  weak  —  sph.  lenses. 
The  power  of  the  added  -  lenses,  required  for  best  vision,  varies  with  the 
amount  of  initial  Con.  exerted;  reducing  the  power  of  the  -i-  lenses  allows 
more  Ac.  to  be  exerted,  but,  as  with  binocular  increase,  a  decrease  of  + 
power  is  not  often  needed,  less  often  indeed  than  the  former. 

Fogging  Test. — A  higher  measure  of  H.  is  often  obtained  by  over-correct- 
ing and  then  reducing  the  power  of  the  +  lens  by  means  of  weak  concaves 
held  in  front  of  it.  Thus,  suppose  with  -i- 1  D.  V.=6/4-5  and  with  -i- 1-25  D. 
V.=  <  6/4-5,  then  with  +  2  D.,  vision  becomes  considerably  reduced.  Adding 
-•25  D.  successively  to  the  +2  D.,  -I-1-75  D.,  and  so  on,  it  may  be  found 
that  finally  V.= 6/4-5  with  some  +  lens  stronger  than  1  D.  To  attain  the 
highest  +  power  that  will  be  accepted,  the  fogging  method  should  be  em- 
ployed binocularly.  The  power  accepted  by  each  eye  is  found  separately 
and  both  lenses  are  increased  by,  say,  1  or  2  D.  With  these  V.  is  blurred 
and  gradually  improved  by  holding  pairs  of  weak  —  sph.'s  in  front  of  them, 
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until  the  weakest  Cc.  lenses  are  found  which,  added  to  the  +  sph/s,  leaves 
V.  as  it  was  with  the  weaker  +  lenses  obtained  by  the  monocular  test.  This 
routine  should  not  be  done  too  rapidly  but  time  given  for  the  hyperope  to 
attain  relaxation  of  Ac. 

Thus  suppose  the  R.  eye  accepts  +2  D.  and  the  L. +  3  D.  and  V.  =  6/4-5. 
Increasing  these  to  R.  +  4  D.  and  L.  +  5  D.,  V.=6/36  approx.  Placing  a  pair 
of  —-5  D.  in  front  of  the  convex  lenses  V.  improves  to  6/24  and  perhaps 
gradually  to  6/18.  Changing  the  lenses,  by  placing  behind  those  in  the 
frame,  R.  +  3-5  D.  and  L.  +4-5  D.,  and  then  removing  the  others,  the  process 
is  repeated.  Adding  —-5  D.  V.  will  become  6/18  and  perhaps  6/12.  Again 
changing  the  +  lenses  and  again  reducing  them  -25  D.  and  so  on,  it  may  be 
found  that  finally  V.=6/4-5  with  R. +  2-5  and  L. +  3-5  or  with  even  stronger 
lenses  than  these. 

The  essential  condition  in  the  fogging  test  is  that  +  lenses  be  not,  at  any 
time,  taken  from  in  front  of  the  eyes;  in  this  way  the  Ac.  is  not  given  any 
chance  to  become  active.  Any  stronger  +  lenses  must  not  be  removed  until 
the  weaker  lenses  are  in  the  trial  frame.  The  same  applies  to  the  monocular 
test. 

Fogging  by  Recession. — A  simple  way  to  get  higher  +  power  accepted 
is  to  add,  say,  +*5  D.  to  each  of  the  lenses  already  selected  for  distance, 
when  vision  is  binocularly  fixed  for  some  near  object  at,  say,  1  m.  Then  cause 
the  subject  to  look  at  gradually  more  distant  objects  until  the  types  at 
6  m.  are  reached.     The  experiment  needs  repeating. 

The  Use  of  Fogging  Lenses. — A  very  full  correction  of  manifest  H.  causes 
part  of  the  error  to  be  alternately  manifest  and  latent,  as  is  shown  by  the 
variation  in  the  visual  acuity.  If  the  strongest  possible  lenses  accepted  at 
any  moment  be  worn,  in  the  course  of  a  few  days  V.  becomes  constantly 
clear.  If  lenses  even  slightly  stronger  than  these,  say  -25  D.  or  -5  D.,  be 
given  for  constant  use,  the  hyperope  unconsciously  relaxes  Ac.  to  obtain  clear 
vision,  and  the  error  is  made  manifest  to  that  extent.  By  gradual  continued 
increase  by  a  quarter  or  half  diopter  of  the  power  of  the  +  lenses,  a  con- 
siderable amount  of  latent  H.  can  be  rendered  manifest.  This  process  is 
sometimes  useful,  but  in  the  majority  of  ordinary  cases  of  H.  the  process  of 
developing  latent  into  manifest  can  be  safely  left  to  nature  or  time.  Should 
such  fogging  or  repressing  lenses  be  prescribed,  it  is  as  well  to  caution  the 
wearer  that  they  are  likely  to  be  rather  uncomfortable  and  to  make  him  see 
badly  for  a  few  days. 

The  Testing  and  Correcting  of  H.— The  general  rule  is,  that  the  correc- 
tive Cx.  lenses  are  the  strongest  accepted  or  which  do  not  cause  vision  to  be 
worse  than  it  is  with  any  weaker  lenses.  These  correct  the  manifest  H. 
Total  correction  of  the  error  is  rarely  given,  except  in  special  cases;  such 
glasses  simply  cannot  be  worn  and  are  discarded  by  those  for  whom  they  are 
prescribed.  The  correction  of  H.  is  that  lens,  for  each  eye,  which  causes 
light  from  oo  to  be  focused  at  the  retina  when  the  effort  of  Ac.  is  equal  to 
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that  of  Con.  Consequently  it  follows  that  the  essential  consideration  in  cor- 
recting H.,  after  equalizing  the  two  eyes,  is  the  balance  between  the  internal 
and  external  recti,  but  the  fact  remains  that,  in  the  majority  of  cases,  the 
correction  is  that  lens,  selected  for  each  eye,  which  measures  the  manifest  H. 
To  this  rule  various  exceptions  and  variations  must  be  added. 

To  avoid  constant  repetition,  it  is  here  presumed  in  what  follows  that 
(a)  the  age  of  presbyopia  has  not  been  reached,  (b)  that  As.  is  not  present, 
(c)  that  normal  or  practically  normal  V.  is  obtained,  (d)  that  the  eyes  are 
healthy. 

When  V.  is  normal  in  each  eye  and  there  are  no  asthenopic  conditions 
for  any  distance  no  glasses  are  needed.  This  resembles,  and  may  be  taken 
as  practically,  Em.  If  there  is  discomfort  but  distant  V.  is  perfectly  normal 
— i.e.,  6/4:-5 — and  not  improved  by  lenses,  they  need  be  used  in  near  work 
only,  even  if  there  are  complaints  of  the  various  inconveniences  characteristic 
of  the  defect.  Should,  however,  two  or  three  weeks'  use  of  the  lenses  not 
cause  the  asthenopia,  headaches,  etc.,  to  disappear,  then  their  use  must  be 
constant. 

In  practice,  it  is  not  difficult  to  decide  as  to  whether  the  lenses  are  needed 
for  constant  use  or  not,  but  if  there  be  doubt  a  measurement  of  the  positive 
portion  of  the  relative  Amp.  of  Ac.  may  be  usefu.1 — i.e.  note  what  power  of 
concave  can  be  overcome.     There  should  be  a  fair  reserve  of  Ac. 

It  is  always  advisable  to  try  the  effect  of  the  lenses  in  near  work  only, 
before  recommending  their  constant  use,  since  the  latter  will  cause  V.  to 
become  subnormal  without  lenses,  whereas,  previous  to  their  use,  it  was 
normal.  This  occurs  because,  by  using  the  lenses  for  distance,  the  eyes  lose 
the  ability  to  accommodate  to  a  sufficient  extent  in  excess  of  convergence. 
If  lenses  are  given  for  constant  wear,  it  is  to  be  recommended  that  their  use 
should  be  discarded  for  some  hours  daily  in  order  to  maintain  the  habit  of 
distance  Ac.  Such  hours  for  non-use  of  the  lenses  may,  preferably,  be  when 
walking  or  when  engaged  in  sjDorts  as  rowing,  tennis,  golf,  etc. 

When  unaided  V.  is  subnormal  as  in  absolute  H.  the  lenses  must  be  used 
constantly  and  it  is  expected  that  their  use  will  cause  improvement  of  sight 
if  this  be  less  than  6/6  when  first  corrected.  When  there  is  convergent 
strabismus — constant  or  periodic — -or  a  tendency  to  squint,  i.e.  a  high  degree 
of  esophoria,  the  use  of  the  lenses  should  be  constant.  If  there  is  low 
esophoria  with  a  low  or  medium  degree  of  H.  it  is  better  to  commence  with 
near  work  use  only,  and  if  there  is  exophoria  it  is  still  more  advisable. 

further  if  lenses  are  centred  for  vision  at  oo,  as  is  usual,  they  have  an 
influence  by  acting  as  —  prisms  when  the  eyes  converge,  so  that  the  Con. 
effort  is  increased  and  made  still  more  in  harmony  with  Ac. 

Constant  use  of  lenses  tends  to  cause,  with  equal  efforts,  diminution  of 
the  excess  of  Ac.  over  Con.;  in  addition,  as  age  advances,  less  Ac.  results 
from  the  same  effort  and  H.  becomes  more  manifest.  The  general  rule  for 
the  correction  of  H.  being  the  adaptation  of  those  +  lenses  that  represent 
the  H.  manifest,  or  made  manifest,  it  follows  that  their  power  varies  with 
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age  and  becomes  greater  as  the  hypermetrope  becomes  older  because  the 
defect  is  then  proportionately  more  manifest,  although  the  actual  total 
defect  remains  the  same.  As  the  hypermetrope  grows  older  and  has  less  Ac. 
he  requires  a  larger  proportion  of  his  defect  to  be  corrected  artificially.  A 
person  H.  4  D.  would,  at  20  years  of  age,  be  satisfactorily  treated  with,  say, 
+  2  D.  lenses;  at  30  or  35  he  would  need,  say,  +3  D. ;  while  at  40  or  45  he 
would  require  +  4  D.  Still  later  in  life,  when  acquired  H.  is  also  present, 
he  would  use  still  stronger  lenses.  They  would  be,  say,  +4-5  D.  at  GO, 
+  5-5  D.  at  70  and  +  6-5  D.  at  80. 

On  the  other  hand,  as  one  gets  older  and  has  less  available  Ac.  it  becomes 
less  necessary  to  give  the  full  correction  of  the  manifest  H.  Indeed  with 
old  people,  if  there  is  any  choice,  a  weaker  lens  seems  to  be  preferable,  but 
for  very  old  people  or  in  aphakia  where  there  is  no  Ac.  at  all  there  is  no 
choice,  since  one  power  only  will  give  a  sharp  retinal  focus  for  a  given  distance. 

Consequently,  in  considering  the  correction  needed  in  H.,  the  age  is 
important.  The  Ac.  becomes  more  difficult  as  age  advances,  so  that  we  see 
many  cases  of  H.,  which  cause  no  inconvenience  in  youth  or  adolescence, 
become  a  source  of  trouble  later  on.  Thus  in  H.  of,  say,  2  D.,  it  may  be 
quite  easy  to  exert  2  D.  Ac.  constantly  when  the  Amp.  is  10  D.,  but  it  is  no 
longer  easy  when  the  Amp.  is  reduced  to  7  D.  This  is,  indeed,  what  usually 
occurs  in  H.  Whereas  in  youth  the  efforts  of  Ac.  and  Con.  were  practically 
equal,  because  the  Ac.  was  easily  produced,  they  are  no  longer  equal  when  a 
greater  Ac.  effort  is  required  in  order  to  obtain  clear  vision.  There  are  no 
rules  as  to  the  age  at  which  H.  causes  discomfort,  nor  of  the  degree  of  error 
which  does  so,  but  a  low  amount  of  H.  is  more  apt  to  trouble  women  than 
men  and  nervous  more  than  phlegmatic  people.  The  lens  selected  varies 
from  the  very  strongest  accepted,  to  the  one  only  which  gives  clearest  dis- 
tant v.,  as  the  hyperope  passes  from  childhood  to  extreme  old  age. 

Every  case  of  facultative  H.  becomes  sooner  or  later  absolute  and  at 
some  period  of  life  the  H.  is  alternately  the  one  and  the  other.  When  a 
person  is  on  the  verge  of  passing  from  the  facultative  to  the  absolute  class 
it  would  be  found  that  weak  Cc.  lenses,  say  1  D.,  blur  the  sight. 

When  the  measm-e  of  the  manifest  error  is  sought,  it  is  usually  found  to 
be  a  variable  quantity  owing  to  fluctuation  of  the  Ac.  A  convex  lens  causes 
suppression  of  Ac,  but  this  again  involuntarily  comes  into  action,  so  that 
while  V.  is  clear  with  a  certain  lens  at  one  moment,  it  becomes  blurred  the 
next;  or  while  V.  is  blurred  by  a  certain  lens,  it  presently  clears  up.  It  is 
not  infrequently  found  that  a  difference  of  two  or  three  lines  of  the  test  types 
will  represent  the  varying  visual  acuity  from  moment  to  moment  where  Ac. 
is  very  active.  Which  of  the  various  lenses  giving  best  possible  vision,  at 
different  moments,  is  the  measure  of  the  manifest  error  is  a  question  difficult 
to  state  by  rule.  In  young  people  a  medium  power,  say  the  mean  of  the 
various  lenses,  may  be  selected  and  their  use  will  cause  the  Ac.  action  to  be 
more  settled.  Where  there  is  a  choice  between  two  lenses  give  rather  the 
weaker,  as  it  is  likely  to  be  more  comfortable  than  the  stronger.     If  the 
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muscular  condition  demands  it,  or  the  latent  H.  seems  to  be  considerable, 
give  the  strongest  accepted  at  any  moment  during  the  test.  A  full  correction 
is  best  attained  by  gradual  increase  of  the  power  of  the  lenses  used.  The 
very  strongest  accepted  lens  can  be  found  only  by  the  binocular  test  and  by 
fogging  iq.v.). 

The  use  of  drugs,  in  refraction  work,  is  very  much  less  general  to-day 
than  it  was  formerly,  and  this  is  due  to  improved  knowledge  of  the  refractive 
conditions  of  the  eye  and  of  their  intimate  connection  with  the  muscular 
conditions.  Nevertheless  in  young  people,  say  those  under  15,  the  propor- 
tion of  latent  H.  is  so  great,  that  it  may  be  advisable  to  learn  the  degree  of 
the  total  error.  It  can  be  recommended  that  (a)  non-medical  refractionists 
should  not  correct  these  cases,  (6)  that  medically  qualified  refractionists 
should  measure  them  under  cycloplegia,  (c)  that  where  an  oculist  is  non- 
available,  the  optician  should  obtain  the  assistance  of  a  medical  man  and, 
under  his  direction,  refract  such  cases. 

In  older  people,  where  there  has  been  considerable  strain  on  the  eyes 
(due  mainly  to  astigmatism  perhaps),  where  all  the  H.,  or  a  large  portion  of 
it,  appears  to  be  latent,  or  where  there  is  a  squint,  the  eyes  may  need  to  be 
refracted  under  the  influence  of  a  drug.  After  atropine  has  been  applied, 
the  degree  of  manifest  H.  is  generally  larger  than  it  was  before,  and  this 
especially  occurs  if  convex  lenses  be  constantly  used  while  the  eyes  are  re- 
covering from  the  effects  of  the  installation.  It  does  not,  however,  follow 
of  necessity  that  lenses  fitted  under  cycloplegia  are  better  adapted  for  a 
given  case  than  those  which  would  have  been  selected  without  the  drug;  a 
correction  of  the  original  manifest  H.  only  is  required  in  most  uncomplicated 
cases,  but  it  might  be  impossible  to  cause  acceptance  of  the  needed  lenses, 
owing  to  spasmodic  Ac,  without  the  use  of  a  drug. 

There  is  no  evidence  that  the  forced  development  of  the  normal  latent 
into  manifest  H.  is  any  advantage  whatever,  so  that  unless  there  are  contra- 
indications, this  should  not  be  hastened  by  drugs  or  lenses.  To  some  extent 
it  must  occur  if  lenses  are  used,  but  the  action  is  greater  if  the  correction  is 
forced,  i.e.  made  as  high  as  possible,  a  procedure  that»  on  general  principles, 
should  be  avoided. 

Glasses  should  prove  comfortable  when  first  fitted.  At  the  same  time  it 
is  often  difi&cult  to  avoid  causing  some  slight  discomfort  when  a  person  com- 
mences to  use  glasses,  no  matter  what  care  be  taken  in  their  selection.  If 
the  use  of  glasses  which  correct  more  than  necessary  of  the  total  error  be 
persisted  in,  discomfort  caused  by  their  use  may  disappear,  but  it  is  more 
rational  to  give  comfort  at  the  start  and  continue  to  do  so  by  changing  the 
lenses  for  stronger  ones  as  age  advances.  There  should  be  no  period  of 
transition  from  discomfort  to  comfort,  because  the  former  should  be  avoided 
if  possible. 

Esophoric  and  Exophoric  H. — Esophoria,  or  a  tendency  to  convergence, 
is  the  condition  of  the  muscles  usually  found  associated  with  H.  For  fusion 
at  any  distance,  therefore,  the  Con.  effort  is  small.     In  order  that  the  Ac. 
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effort  may  be  brought  into  haimony  it  must  be  suppressed  to  a  considerable 
extent,  but  if  this  be  done  to  too  great  an  extent  there  may  be  complaints 
that  the  lenses  seem  to  "  draw  the  eyes  "  or  cause  headaches  between  the 
brows.  Previous  to  their  use  there  was  strain  on  the  ciliary  muscle  and  on 
the  external  recti ;  discomfort  resulted  from  the  effort  of  Ac.  being  in  excess 
of  that  of  Con.  With  lenses  stronger  than  necessary  these  conditions  may 
be  reversed.  The  ciliary,  accustomed  to  free  action,  is  now  called  upon  to 
repress  itself,  the  internal  recti  are  required  to  act  in  an  unaccustomed  manner 
to  produce  singleness  of  vision,  and  the  effort  of  Con.  exceeds  that  of  Ac. 
Therefore,  when  esophoric  the  H.  should  be  fully  corrected  so  far  as  it  is 
manifest  and  no  more. 

Exophoria  with  11.  is  the  exception.  In  this  condition  Con.  is  difficult 
and  a  greater  effort  has  to  be  made  in  order  to  cause  fusion  of  the  images; 
but  it  is  more  easily  effected  if  associated  with  strong  Ac.  action.  In  exo- 
phoric  li.  the  Ac.  and  Con.  may  be  in  harmony  until  fairly  late  in  life  when, 
the  Amp.  of  Ac.  being  lessened,  it  is  necessary  to  make  a  greater  Ac.  effort 
in  order  to  see  clearly.  When  exophoria  is  present  a  full  correction  of  the 
H.  is  generally  not  tolerated  in  binocular  vision;  the  correction  should  be 
modified,  it  being,  if  not  the  weakest  or  nearly  the  weakest  lenses  that  give 
good  vision,  at  least  one  that  under- corrects  the  manifest  defect.  The  lenses 
required  are  those  that  measure  the  manifest  error,  reduced  in  power  suffi- 
ciently to  equalize  the  Ac.  and  Con.  efforts.  There  are  many  exophoric 
hypermetropes  who  wear  Cc.  lenses  with  comfort. 

In  orthophoria,  if  the  correction  could  be  expressed  by  rule,  it  would  lie 
between  those  indicated  for  Eso.  and  Exo.  In  all  cases  the  object  aimed 
at  is  to  harmonize  the  efforts,  and  not  the  quantities  of  Ac.  and  Con.,  the 
corrective  lenses  being  of  a  strength  that  represent  the  deficient  refraction 
when  the  Ac.  and  Con.  efforts  are  equal.  To  summarize  briefly  the  condi- 
tions, esoplioria  demands  a  full  correction  of  the  manifest  H. ;  orthophoria 
a  nearly  full,  and  exophoria  a  partial  correction.  The  muscular  condition 
is  a  most  important  factor  and  should  invariably  be  considered  when  adapting 
the  leases  (vide  Heterophoria). 

Reasons  for  Correcting  Lenses. — Lenses  do  not  necessarily  improve  V. 
except  in  absolute  H.,  biit  they  enable  close  work  to  be  carried  on  with 
greater  comfort  and  they  prevent,  or  cure,  asthenopia,  heterophoria,  stra- 
bismus, etc. 

Distance  and  Close  Work. — The  lenses  needed  in  H.  are  selected  by  the 
distance  test  and  these,  provided  there  is  no  presbyopia,  also  serve  for  near 
work.  The  apparent  necessity  before  the  presbyopic  age  for  different  powers 
for  distance  and  near  work  in  ordinary  cases,  points  to  a  faulty  estimation 
of  the  error;  an  abnormally  lessened  accommodative  action  before  40,  indi- 
cates rather  the  attention  of  the  surgeon.  Nevertheless  exceptions  to  the 
above  may  perhaps  be  met  with  in  exophoric  cases  where  little  or  no  -i- 
power  is  tolerated  for  distance,  and  especially  at  ages  approaching  that  of 


114  VISUAL  OPTICS  AND  SIGHT  TESTING 

presbyopia;  also  in  cases  of  high  H.  where  the  lessened  increased  effectivity 
of  the  distance  glasses,  due  to  the  divergence  of  the  light,  is  an  appreciable 
factor. 

H.  and  Presbyopia. — ^Vhen  Ac,  after  40  or  45,  is  insufficient  for  sus- 
tained close  work,  presbyopia  is  present  and  extra  Cx.  power  is  needed  to 
aid  near  vision.  Since  Ac.  is  generally  very  active  in  low  H.,  Pres.  comes 
on  rather  later  than  in  Em.,  but  in  high  absolute  H.  the  contrary  is  rather 
the  rule. 

Binocular  and  Monocular  Fixation. — There  is  generally  binocular  simul- 
taneous fixation  in  H.,  whether  it  is  associated  with  Exo-  Eso-  or  Ortho- 
phoria. There  may  be,  however,  constant  deviation  of  the  one  eye  and 
consequently  monocular  vision,  or  alternating  deviation  of  each  eye  with 
alternating  binocular  vision,  or  a  periodic  deviation  of  either  eye  with  periodic 
monocular,  and  simultaneous  binocular,  vision. 

Convergent  Strabismus. — If  the  harmony  between  Ac.  and  Con.  be  broken, 
the  H.  exerts  more  of  the  former  than  of  the  latter  and  secures  clear  vision 
without  squinting.  Thus  in  H.  2  D.  provided  that  Ac.=2  D.  and  Con.=0 
there  is  clear  binocular  V.  at  oo.  If  the  harmony  between  Ac.  and  Con.  be 
maintained,  both  being  equally  exerted,  there  is  either  clear  V.  of  one  eye 
accompanied  by  a  convergent  squint,  or  there  is  blurred  binocular  vision 
and  no  squint.  If  the  Con.  decides  the  resultant  condition,  the  exertion  of 
Con.=0  is  accompanied  by  Ac.=0  and  clear  V.  is  impossible;  the  H.  is 
absolute.  If  the  Ac.  decides  it,  there  being  2  D.  Ac.  accompanied  by  Con. 
of  2  M.  A.,  the  distance  of  Con.  is  50  cm.  while  that  of  Ac.  is  at  oo.  It  is, 
therefore,  impossible  to  see  binocularly  at  oo,  and  it  is  equally  impossible  to 
see  clearly  at  50  cm.  since  the  Ac.  is  adjusted  for  oo.  The  result  is  that,  for 
oo  and  all  distances,  there  is  clear  V.  of  one  eye  and  convergent  strabismus; 
the  H.  is  relative.  Convergent  concomitant  strabismus  being  caused  by  H., 
an  essential  for  its  cure  is  the  use  of  Cx.  lenses  [vide  Strabismus). 


APHAKIA. 

Derivation. — a,  without ;  (f^aKos,  a  lens. 

Causes. — Absence  of  the  crystalline  lens  may  be,  but  is  rarely,  congenital, 
but  the  term  is  sometimes  applied  to  the  condition  where  there  is  dislocation 
of  the  crystalline  which  may  be  congenital,  acquired  spontaneously  or  trau- 
matic, i.e.  the  result  of  a  blow  or  wound.  The  usual  cause  of  aphakia  is 
extraction  of  the  lens  on  account  of  cataract. 

Symptoms. — The  iris  is  tremulous  because,  the  lens  being  absent,  there  is 
nothing  to  support  it  at  the  pupillary  margin.  If  an  iridectomy  has  been 
performed  there  is  a  cleft  in  the  iris  extending  from  the  pupil  to  the  corneal 
margin,  so  that  the  pupillary  area  is  enlarged  and  there  is  no  response  to 
light.     This  may  cause  photophobia  and  sometimes  there  is  red  or  blue 
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vision.  Absence  of  the  lens  is  demonstrated  by  the  Sansom-Purkinje  test 
wherein  only  the  first  or  corneal  image  is  seen,  the  two  lenticular  images 
being  absent.     There  is,  of  course,  total  absence  of  Ac. 

The  Optical  Condition. — When  the  crystalline,  whose  power  in  situ  is 
approximately  16  D.,  is  removed  from  an  Em.  eye,  there  is  this  deficiency  in 
the  refraction,  causing  a  high  degree  of  H.  The  whole  dioptric  system  is, 
however,  altered  and  becomes  a  refracting  body  of  one  surface,  whose  prin- 
cipal point  is  advanced  to  the  cornea  and  whose  nodal  point  slightly  recedes. 
The  optical  defect  can  be  corrected  by  a  suitable  convex  lens,  whose 
power  is  less  than  16  D.,  placed  in  front  of  the  eye. 

Although  the  apparatus  is  absent  a  few  cases  are  on  record  where  the 
apparent  phenomenon  of  Ac.  in  aphakia  has  been  noticed  in  that,  with  the 
same  lenses,  the  subject  was  able  to  see  clearly  at  a  distance  and  read  ordinary 
type,  but  in  these  cases  the  pupil  invariably  resembled  a  vertical  slit.  With 
a  pupil  of  this  shape  and  looking  obliquely  downwards  through  a  strong  Cx. 
lens,  and  perhaps  employing  the  lids  as  a  diaphragm,  it  would  be  possible 
for  fairly  small  type  to  be  read  with  the  distance  lenses. 

The  Retinal  Image. — In  the  ordinary  eye  the  size  of  the  retinal  image  is 
governed  by  the  distance  between  the  nodal  point  and  the  retina,  this  dis- 
tance being  about  17  mm.  This  is  very  nearly  the  same  as  in  the  aphakic 
eye,  so  that  if  a  clear  retinal  image  were  obtained  from  the  refraction  of  the 
cornea  it  would  be  in  aphakia  much  the  same  as  in  Em.,  both  eyes  being 
24  mm.  long.  But  if  an  eye  of  normal  cornea  and  length  be  aphakic,  the 
image  tends  to  be  formed  considerably  behind  the  retina,  and  a  clear  retinal 
image  can  only  be  obtained  by  the  aid  of  a  strong  +  sph.  placed  in  front  of 
the  eye.  The  retinal  image  of  the  corrected  aphaxic  eye  is  therefore  con- 
siderably enlarged,  although  not  so  much  as  it  would  be  if  the  lens  were  at 
F^,  which  is  24  mm.  in  front  of  the  cornea;  the  lens  is  generally  only  at  15  mm. 
and  therefore  well  inside  of  F^. 

Visual  Acuity. — Without  lenses  vision  is  naturally  very  reduced.  With 
lenses  it  is  lessened  because  there  is  usually  some  turbidity  of  the  capsule  of 
the  lens  and  moreover  the  aphakic  eye  is  more  or  less  unhealthy  or  is  old; 
consequently  we  find  V.  reduced  in  aphakia  notwithstanding  correction,  but 
the  diminution  is  lessened  by  the  fact  that  the  retinal  image  is  larger  than 
in  the  ordinary  eye.  Confusion  also  results  from  inability  to  contract  the 
pupil  as  well  as  from  its  increased  size  owing  to  the  iridectomy,  but  the 
effect  of  the  iritic  gap  is  not  marked  when  the  iridectomy  is  above  and 
therefore  covered  by  the  upper  lid. 

Monocular  Aphakia. — ^When  the  one  eye  only  is  aphakic  and  the  other 
has  good  vision,  it  is  often  impossible  for  the  two  to  be  used  simultaneously. 
In  this  case  each  eye  should  be  provided  with  the  necessary  lens  mounted 
in  its  own  frame  and  both  used  for  vision  separately.  Sometimes  there  is 
some  reading  distance  for  which  simultaneous  vision  can  be  obtained  with 
suitable  lenses;  if  possible  this  should  be  found.     When,  however,  confused 
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binocular  vision  results,  the  one  eye  can  be  occluded  by  a  ground  glass  or 
other  means  to  prevent  it  seeing  clearly  while  the  other  is  in  use.  If  the 
one  eye  is  non-seeing,  owing  to  cataract  or  other  cause,  it  need  not  be  con- 
sidered and  the  distance  lens  can  be  mounted  in  the  one  eye-wire  and  the 
reading  lens  in  the  other,  the  frame  being  of  a  reversible  type  so  that  the 
one  or  other  lens  can  be  brought  in  front  of  the  seeing  eye.  The  confusion 
of  vision  if  the  one  eye  is  non-aphakic  and  can  accommodate,  while  the  other 
is  aphakic  and  cannot,  when  fusion  by  them  is  attempted,  is  chiefly  due  to 
the  difference  in  size  of  the  retinal  images. 

Operation  Aphakia. — After  the  operation  the  surgeon  generally  does  not 
permit  the  eyes  to  be  used  for  clear  vision  for  about  three  weeks,  more  or 
less.  At  first  coloured  glasses  are  used,  as  the  eyes  are  very  sensitive  to 
light,  and  some  six  weeks  or  two  months  are  allowed  to  elapse  before  ordinary 
working  lenses  are  adapted. 

Astigmatism. — The  necessary  incision  of  the  cornea  generally  produces  a 
high  degree  of  As.  against  the  rule,  which  becomes  less  in  the  course  of  time 
and  may  entirely  disappear.  This  acquired  defect  may  increase  or  neutralize 
previous  corneal  As.,  while  previous  lenticular  As.,  whether  static  or  dynamic, 
of  course  disappears. 

Dislocation  of  the  Lens.- — This  condition  requires  surgical  attention.  The 
edge  of  the  crystalline  may  bisect  the  pupil,  in  which  case  monocular  diplopia 
results. 

The  Selection  of  the  Lenses. — There  is  only  one  lens  that  gives  best  vision ; 
this  is  the  measure  of  the  H.  and  the  one  required  for  distance.  It  is  usually 
about  +11  D.  placed  some  15  mm.  in  front  of  the  cornea  for  an  eye  which 
was  Em.  previous  to  the  operation,  while  if  previously  H.  or  M.,  it  is  re- 
spectively stronger  or  weaker.  The  lenses,  being  very  strong,  should  be 
centred  for  the  distance  at  which  they  are  to  be  chiefly  used  in  order  to 
avoid  undue  prismatic  action,  and  for  general  use,  as  for  walking,  a  lens 
which  adjusts  the  eyes  for,  say,  2  m.  or  -5  D.  is  often  j^referable  as  then  the 
ground,  etc.,  is  more  clearly  seen. 

There  being  no  natural  Ac.  clear  near  vision  can  only  be  effected  by 
lenses.  For  seeing  at  1  m.,  33  cm.,  etc.,  there  is  needed  an  additional  power 
of  respectively  +  1  D.,  +  3  D.,  etc.  The  reading  distance,  on  account  of  the 
reduced  visual  acuity,  is  generally  short,  say  33  cm.,  25  cm.,  or  even  20  cm., 
so  that  3,  4  or  5  D.  must  be  added  to  the  distance  glasses  for  reading  purposes. 

The  crystalline  is  a  natural  filter  for  ultra-violet  light  and,  when  it  is 
removed,  such  light  is  likely  to  be  injurious  if  allowed  free  admittance  to  the 
eye.  A  crown  glass  lens  is,  however,  of  practically  equal  value  in  this  respect, 
but  pebble  should  be  avoided  since  it  is  very  transmissive  for  actinic  light. 

Artificial  Ac.  can  be  effected  to  a  certain  extent  by  moving  the  lenses  to 
and  fro  in  front  of  the  eyes ;  it  is  the  more  easily  achieved  because,  the  lenses 
being  very  strong,  the  object  viewed  is  practically  always  beyond  2  F.,  so 
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that  increased  effectivity  is  obtained  by  advancement.  The  method  of 
calculation  is  shown  elsewhere  (vide  Artificial  Ac).  For  reading  purposes 
the  glasses  should  be  selected  when  placed  not  too  near  the  eyes,  so  that 
objects  situated  rather  nearer  and  farther  than  the  usual  distance  can  be 
seen  by  pushing  the  frame  farther  out  and  nearer  respectively. 

Em.  in  Aphakia. — In  order  that  an  eye  be  Em.  after  extuaction  of  the 
crystalline  it  must  be  32  mm.  long  or  myopic  about  20  D.  or  22  D.,  so  that 
the  retina  may  be  at  the  posterior  focal  distance  of  the  cornea. 

The  Correcting  Lens. — To  replace  a  deficiency  of  16  D.  in  the  plane  of 
the  crystalline,  when  this  is  removed,  requires  a  lens,  some  15  mm.  from  the 
cornea,  of  about  + 11  D.  This  is  the  power  needed  if  the  eye  were  emmetropic 
prior  to  the  opptation,  but  an  operation  involving  the  cornea  usually  affects 
its  general  refracting  power  as  well  as  causing  As.  If  the  normal  globe  were 
25  mm.  in  length  or  if  the  cornea  had  a  radius  of,  say,  7-5  mm.,  the  correcting 
lens  in  aphakia  for  an  eye  originally  Em.  would  be  weaker  than  + 11  D.  and 
is  commonly  said  to  be  + 10  D.  Calculations  on  an  eye  24  mm.  long  result 
in  +11-5  D. 

Previous  Am. — The  ordinary  method  of  estimating  approximately  the 
lens  needed  in  aphakia  when  there  was  previously  H.  or  M.  is  to  add  to 
+  11  D.  half  the  original  correcting  lens.  Thus  an  aphakic  eye  previously 
H.  -1 D.  would  require  +11  +  2=  +  13  D.  If  previously  M.  i  D.  the  lens  would 
be  +11— 2= +  9  D.  These  figures,  it  will  be  seen,  closely  coincide  with 
those  given  in  the  table  below. 

In  the  following  table  the  figures  given  in  (2)  are  on  the  basis  that  the 
normal  eye  is  24  mm.  long,  and  that  operation  has  not  affected  the  curvature 
of  the  cornea,  the  radius  of  which  is  8  mm.  (1)  gives  the  original  defect 
expressed  in  terms  of  the  correcting  lens  placed  15  mm.  in  front  of  the  cornea. 


TABLE 

OF  CORRECTING  LENSES. 

1 

2 

H.  10  D 

+  17-75 

H.8D. 

+  16-2S 

H.6D. 

+  15 

H.4D. 

+13-75 

H.2D. 

+  12-5 

H.  ID. 

+  12 

Em.     M.  ID. 

+  11-5  j  +11 

M.2D. 
+10-5 

M.  4  D. 

+9-25 

1 
•1 

M.6D. 

+  8 

M.8D. 

+7 

M.10D. 

+  6 

M.12D.   M.14D. 

+4-75  i  +3-75 

M.  16D. 

+2-75 

M.  18  D. 

+  1-75 

M.20D.  j 

+75 

M.22D. 

0 

For  calculations  on  the  aphakic  eye  see  Chap.  XXII 


CHAPTER  Vll 
MYOPIA 

Derivation. — /xtw,  close  ;  M\f,  eye. 

Definitions. — Myopia  (Fig.  49)  is  the  conditiou  of  an  eye  in  which,  when 
the  Ac.  is  suspended,  parallel  light  comes  to  a  focus  in  front  of  the  retina, 
the  latter  being  situated  beyond  the  principal  focal  distance  of  the  refracting 
system.  It  therefore  follows  that  in  M.,  the  P.  R.,  or  conjugate  focus  of  the 
retina,  is  positive  and  situated  at  a  finite,  or  measurable  distance,  in  front 
of  ths  eye,  as  in  Fig.  50. 


1 


Fig.  49. 

M.  is  illustrated  by  a  screen  placed  slightly  beyond  F.  of  a  Cx.  lens. 
Parallel  light,  after  refraction,  focuses  before  reaching  the  screen;  light 
diverging  from  the  latter  emerges  from  the  lens  convergent  to  a  point  in 
front  of  it. 


Fio.  .50. 

Causes.- — The  condition  may  be  the  result  of  too  great  an  axial  length 
while  the  refracting  power  is  normal;  or,  alternatively,  the  globe  may  be 
of  normal  length  but  the  refracting  power  too  great.  The  former  is  termed 
axial,  and  the  latter  refractive  M.  The  result  is  the  same  in  both,  since  the 
focal  length  is  less  than  the  distance  from  the  principal  point  to  the  retina. 
The  condition  of  M.  obtains  because  the  refractive  power  is  excessive  for 
the  length  of  the  eye,  and  not  because  the  eye  is  too  long  or  because  it  has 
too  much  refracting  power. 
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Age  of  Appearance. — It  is  rare  that  M.  develops  before  the  ages  of  8  or 
after  20.  Usually  it  becomes  apparent  between  10  and  16,  at  that  period 
of  school  life  when  not  only  is  growth  rapid  and  continuous,  but  the  eyes 
are  also  largely  employed  in  close  work.  This  is  the  danger  age  for  children's 
eyes,  during  which  they  should  be  kept  under  observation.  M.  is  not  likely 
to  have  become  acquired  before  10  because,  up  to  that  age,  axial  develop- 
ment would  not  exceed  the  normal,  but  result  merely  in  diminished  H.  or 
the  attainment  of  Em.  After  maturity  the  eye,  having  reached  its  full 
development,  is  unlikely  to  acquire  a  tendency  to  abnormal  growth.  The 
malignant  form  may  commence  much  earlier. 

Prevalence. — It  is  said  that  M.  is  a  product  of  education  and  civilization; 
certainly  it  is  more  prevalent  in  cities  than  in  towns,  in  towns  than  in  rural 
districts.  It  is  possible  that  vision,  being  restricted  by  the  surroundings, 
tends  to  produce  a  short-sighted  class,  and,  in  general,  the  inhabitants  of 
large  cities  and  towns  are  more  inclined  to  sedentary  occupations,  and  enjoy 
less  light  and  air,  than  country-people.  M.  prevails  more  in  one  country, 
compared  with  another,  as  the  educational  attainments  are  greater;  among 
savages  it  is  practically  unknown,  and  it  is  rare  among  races  of  little  or  no 
education.  The  percentage  of  myopes  increases  in  schools  in  a  direct  ratio 
with  the  class  or  standard,  so  that  while  the  percentage  is  almost  nil  in 
a  primary  village  school,  it  reaches  a  considerable  figure  in  an  advanced 
urban  educational  establishment. 

Apart  from  all  other  reasons,  there  is  a  higher  percentage  of  myopes, 
and  a  higher  average  defect,  in  those  countries  where  knowledge  of  refrac- 
tion work  is  limited,  and  these  become  lower  as  the  science  of  optics  becomes 
more  general  and  exact,  notwithstanding  that  education  becomes  more 
universal  and  of  a  higher  order.  This  is,  also,  in  part  due  to  the  greater 
care  exercised  in  the  lighting,  ventilating  and  fitting  up  of  schools  as  well 
as  to  the  systematic  testing  and  correction  of  children's  sight.  Neverthe- 
less, in  this  connection,  while  the  principles  adopted,  when  they  are  adopted, 
are  in  themselves  good,  their  application  leaves,  in  many  cases,  much  to  be 
desired. 

M.  Congenital  and  Acquired. — M.  is  the  result  of  axial  development  of 
the  eye,  with  respect  to  the  focal  power,  beyond  that  which  would  cause 
it  to  be  Em.  M.  therefore  is  essentially  an  acquired  condition;  it  is  also 
very  frequently  hereditary,  the  children  of  myopic  parents  being  born  with 
the  tendency  to  acquire  the  defect.  One  form  of  M.,  acquired  late  in  life, 
is  due  to  changes  in  the  crystalline  and  is  termed  second  sight  {q.v.).  It 
is  said  that  no  child  is  born  M.,  yet  this  seems  to  be  possible  and  certainly 
eyes  are  sometimes  found  to  be  so  exceedingly  M.  at  so  early  an  age,  that 
probably  some  of  it,  at  least,  was  present  at  birth. 

Refractive  M.  may  be  due  to  a  relatively  high  curvature  of  the  cornea  or 
crystalline  and  is  then  termed  'curvature  M.  It  could  be  caused  also  by 
(a)  a  high  refractive  index  of  the  cornea  and  aqueous,  (6)  a  low  index  of  the 
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cortical  layers  of  the  lens,  (c)  a  high  index  of  the  nuclear  portion  of  the  lens, 
(d)  a  low  index  of  the  vitreous.  Appreciable  variation  in  the  indices  of 
refraction  of  the  media  and  curvature  of  the  surfaces  of  a  healthy  eye  can 
be  excluded  and,  with  reference  to  the  cornea,  a  lessened,  rather  than  an 
increased  curvature,  is  more  probable  in  high  M. 

Axial  M. — Undue  length  of  the  globe  is  the  ordinary  and  usual  cause 
of  M.  The  refractive  power  and  focal  lengths  are  presumed  to  be  the  same 
as  in  Em.,  but  the  retina  is  situated  beyond  the  posterior  focal  plane. 

Degrees  of  M.  vary  from  a  small  fraction  of  a  diopter  to,  say,  20  D.  or 
even  more,  for  cases  of  30  D.  or  40  D.  have  been  recorded.  M.  not  exceeding 
1  D.  is  considered  very  low ;  up  to  3  D.  is  low  ;  between  3  D.  and  6  D.  is 
medium  ;  from  6  D.  to  10  D.  is  high  ;  over  10  D.  very  high. 

The  Optical  Condition,— Although  M.  is  due  to  excessive  length  of  the 
eye  yet,  as  an  optical  error,  it  is  more  conveniently  regarded  as  a  condition 
of  excessive  refracting  power.  If  the  Em.  refraction  is  50  D.,  it  may  be 
considered  that  in  M.  the  refracting  power  is  greater  than  this;  thus  in 
M.  3  D.  the  refraction  is  53  D.  and  the  excess  3  D.  could  be  neutralized 
by  a  —3  D.  lens.  The  condition  of  M.  is  positive,  and  the  correction 
of  the  optical  error  is  a  negative  or  -  lens,  the  power  of  the  latter  express- 
ing also  the  degree  of  defect.  It  can  be  produced  artificially  by  placing 
a  Cx.  lens  in  front  of  an  Em.  eye,  or  an  over-correcting  lens  in  front  of 
a  H.  eye. 

Ac.  in  M. — For  all  distances  the  M.  eye  exerts  less  than  does  the  Em., 
as  many  D.'s  of  Ac.  as  there  are  D.'s  of  M.  Thus  in  Em.  for  40  cm.  Ac. 
=  2-5  D.  so  that  in  M.  1  D.  there  would  be  exerted  only  1-5  D.;  in  M.  2  D. 
only  -5  D.,  and  in  M.  2-5  D.,  Ac.=0  for  seeing  clearly  at  this  distance.  If 
the  degree  of  M.  exceeds  the  amount  of  Ac.  required  by  the  emmetrope  at 
a  given  distance,  clear  vision  for  the  myope,  at  that  distance,  is  impossible; 
in  other  words,  the  myope  cannot  see  distinctly  beyond  his  far  point,  at 
which  he  sees  distinctly  without  using  any  Ac.  When  the  M.  is  fully  cor- 
rected the  exertion  of  Ac.  is  the  same  as  in  Em.,  and  when  partially  corrected 
the  Ac.  exertion  is  less  than  it  is  in  Em.,  to  an  extent  equal  to  the  amount 
of  M.  left  uncorrected.  Thus  in  M.  3  D.  with  a  -2  D.  lens,  the  Ac.  action 
is  the  same  as  in  M.  1  D. 

Con.  in  M.,  expressed  in  M.  A.'s,  is  the  same  as  in  Em. 

Ac.  and  Con. — Con.  in  excess  of  Ac.  always  occurs  in  M.,  when  uncor- 
rected or  partially  corrected.  For  example  in  M.  3  D.,  for  reading  at  33  cm. . 
Ac.=0  while  Con. =3  M.  A.  Similarly  at  any  nearer  distance  the  excess 
exertion  of  Con.  is  3  units  of  that  function.  If  the  M.  were  partially  corrected 
by  a  -ID.  lens,  Ac.=l  D.  at  33  cm.  and  Con.  exceeds  Ac.  by  2  units  for 
that  and  all  other  distances  at  which  clear  vision  is  possible.  When  the 
M.  is  fully  corrected  Ac.  and  Con.  are  equal  in  quantity. 
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Divisions. — There  is  no  classification  of  M.  as  there  is  of  H.,  but  it  may 
conveniently  be  divided  into  two  classes  which,  for  want  of  better  names, 
may  be  termed  healthy  and  dangerous. 

Healthy  M.  includes  all  cases  where,  with  corrective  lenses,  the  visual 
acuity  can  be  raised  to  the  normal  and  other  conditions,  as  in  the  following 
paragraph,  do  not  apply.  A  case  of  M.  which  would  be  regarded  as  a  per- 
fectly healthy  condition  in  a  person  of  mature  age,  becomes  a  doubtful,  or 
even  dangerous  case  in  a  child  or  youth  who  is  still  growing.  The  essential 
point  about  this  class  is  that  optical  treatment  alone  is  needed. 

Dangerous  M.  includes  cases  where  the  visual  acuity  is  subnormal  after 
correction;  also  cases  of  true  progressive  M.  These  require,  or  may  require, 
more  than  mere  optical  correction.  In  addition,  M.  in  children  under 
15  years  of  age  and  cases  of  high  degree,  although  the  eyes  may  be  per- 
fectly healthy,  should  be  included  under  this  heading,  because  they  may 
become  serious  conditions  if  not  treated  from  a  hygienic  as  well  as  from  an 
optical  aspect. 

Progressive  and  Stationary  M. — Although  all  cases  of  M.  have  neces- 
sarily been  progressive,  the  term  is  specially  applied  to  those  which  continue 
to  increase  notwithstanding  proper  optical  treatment,  and  to  those  where 
the  increase  is  abnormally  rapid  or  takes  place  after  maturity.  M.  is  stationary 
when  it  remains  a  fixed  quantity  for  some  years  at  least.  M.  is  more  likely 
to  increase,  after  correction,  in  young  than  in  older  people,  and  if  removal 
of  the  causes  does  not  prevent  further  development,  the  case  must  be  con- 
sidered dangerous. 

Uncorrected  M.  generally  becomes  stationary  at  maturity,  but  even  then 
may  suddenly  become  progressive  after  illness,  etc.,  especially  if  no  glasses 
are  used  or  if  those  used  are  too  strong.  Some  cases  have  periods,  during  life, 
of  alternate  progression  and  quiescence.  As  a  rule,  after  20  years  of  age,  M. 
may  be  considered  stationary  and  if  it  does  not  then  exceed,  say,  4  or  5  D., 
it  is  very  unlikely  that  it  will  ever  become  progressive.  It  is  difiicult  to 
draw  any  definite  line  between  progressive  or  dangerous,  and  stationary  or 
healthy  M.  The  outstanding  points  are  (a)  that  what  is  healthy  in  an  older 
eye,  may  need  to  be  regarded  as  dangerous,  or  likely  to  be  dangerous,  in  a 
young  eye  and  (6)  that  optical  maltreatment  may,  at  any  age,  turn  a  healthy 
condition  of  M.  into  a  dangerous  one.  True  malignant  M.  {q.v.)  is  always 
more  or  less  progressive. 

Malignant  M.  is  the  name  given  to  those  cases  which  have  been  produced 
by  close  work  during  school  life,  and  attain  to  a  very  high  degree.  Here 
the  malignant  character  may  be  the  result  of  maltreatment,  or  non-treat- 
ment, of  an  optical  error  in  an  originally  quite  healthy  eye.  The  term  is 
perhaps  more  properly  applied  to  those  cases  which,  if  not  actually  present 
at  birth,  develop  very  shortly  afterwards  and  continue  to  progress  during 
life.  It  is  a  congenitally  morbid  condition  and  a  form  of  choroiditis  in  which 
extreme  elongation  of  the  globe  is  a  symptom  or  perhaps  a  dropsical  con- 
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dition  of  the  eyes.  It  is  just  as  likely  to  be  found  in  one  who  cannot  read 
or  write  and  who  has  never  used  his  eyes  for  continued  close  work,  as  it  is 
in  the  most  ardent  student.  In  fact  it  is  more  often  encountered  among 
the  poorer  and  less  educated  classes,  than  among  the  wealthier  and  better 
educated.  Malignant  M.  may  terminate  in  partial  or  complete  blindness. 
It  might  be  said  that  while  high  M.  is  more  common  among  the  studious, 
the  very  highest  and  worst  forms  are  to  be  found  among  the  uneducated. 

Spasm  of  Ac. — Since  Ac.  for  distance  can  only  have  the  effect  of  further 
reducing  the  visual  acuity  in  M.,  it  must  be  regarded  as  true  spasm  if  it  is 
exerted;  excessive  Ac.  may  also  be  exerted  for  near  work  and  the  cause  is, 
nearly  always,  uncorrected  As.  The  general  result  is  an  apparent  degree  of 
myopia  in  excess  of  the  true  amount  of  error. 

Accommodative  M.  is  the  name  sometimes  given  to  the  condition  which 
exists  when  a  H.  or  an  Em.  eye  appears  to  be  M.  owing  to  spasm  of  Ac. 

Second  Sight  is  a  form  of  acquired  M.  caused  by  senile  cataract.  It  is  due 
to  changes  in  the  crystalline  lens  whereby  its  total  refractivity  is  increased. 

The  Measure  oJ  M.  in  any  case  is  the  power  of  the  weakest  concave  lens 
with  which  V.  is  made  as  acute  as  possible,  the  Ac.  being  at  rest.  Otherwise 
expressed  it  is  the  power  of  the  lens  whose  focus  coincides  with  the  P.  R.  of 
the  eye. 

Effectivity  of  a  Cc.  Lens. — The  more  remote  a  Cc.  lens  ic  from  the  eye, 
the  smaller  is  its  effect.  Consequently  if  lenses  undercorrect,  the  myope 
pushes  them  close  up  to  the  eyes  in  order  to  increase  their  effect  and  to 
enable  him  to  see  distant  objects  more  clearly;  the  light  is  thus  rendered 
divergent,  as  if  coming  from  a  point  nearer  to  the  eyes  than  if  the  lenses 
were  farther  out.  At  the  same  time  the  retinal  image  is  enlarged  by  ad- 
vancement of  the  nodal  point.  By  moving  the  lens  outwards  artificial  Ac. 
{q.v.)  is  effected.  If  a  myope  can  see  distant  objects  through  a  given  Cc.  lens 
equally  well,  when  it  is  more  remote,  as  when  it  is  close  to  the  eye,  it  shows 
that  a  weaker  one  is  required. 

The  True  Degree  of  M. — We  speak  of  M.  1  D.,  5  D.,  etc.,  according  as 
the  defect  is  corrected  respectively  by  a  -  1  D.  or  -5  D.  lens  placed  about 
15  mm.  in  advance  of  the  cornea,  in  the  anterior  focal  plane  of  the  eye,  but 
as  a  Cc.  lens  decreases  in  effectivity  as  it  is  farther  from  the  eye,  it  corrects 
less  M.  than  its  dioptral  power  indicates.  The  true  degree  of  M.  would  be 
represented  by  a  thin  auxiliary  Cc.  lens  placed  in  the  principal  plane  of  the 
eye.  Consequently  if  placed  17  mm.  in  advance  of  this  plane,  the  focal 
length  must  be  17  mm.  shorter.  Thus  to  correct  true  M.  of,  say,  5  D.  we 
need  a  lens  of  F.  =  200-17=183  mm.  or  approximately  -5-5  D.;  in  other 
words,  a  —5-5  D.  corrects  only  5  D.  of  true  M.  It  is,  however,  usual  and 
convenient  to  indicate  the  degree  of  M.  by  the  power  of  the  correcting  lens 
placed  in  the  usual  position. 

Variations  in  the  Degree  of  M. — The  axial  development  of  a  child's  eye 
to  that  of  Em.  or  low  H.  is  quite  normal  and  is  regarded  as  an  abnormality 
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only  when  it  is  so  excessive  as  to  produce  myopia.  Evidently  every  case 
must  commence  with  a  degree  represented  by  a  minute  fraction  of  a  diopter, 
which  amount  gradually  increases  until  it  becomes  sufficiently  high  to  cause 
a  marked  diminution  in  V.  Therefore  its  degree  is  essentially  variable  up  to 
maturity  when  both  bodily  and  ocular  growth  cease.  Others  again  show  no 
increase  after  correction  by  lenses,  since  these  remove  the  cause  for  its  de- 
velopment. No  diminution  in  M.  can  naturally  occur  except  from  acquired 
H.  late  in  life.  Thus  ordinary  M.  increases  in  youth,  remains  stationary  in 
middle  life,  and  decreases  in  old  age.  In  general,  therefore,  it  is  contrary  to 
the  condition  of  H. 

The  P.  R.— ^Yhen  Ac.  is  at  rest,  the  far  point  is  the  conjugate  focus  of 
the  retina  and,  since  the  latter  is  in  M.  beyond  the  postpriQf  prinp.ipa.1  focus, 
only  divergent  light  can  be  brought  to  a  focus  at  the  retina.  If  light  diverges 
from  the  latter  it  is,  on  emerging  from  the  eye,  convergent  to  a  certain 
point,  the  P.  R.,  in  front  of  it.  Like  the  defect  itself  the  P.  R.  is  positive 
and  its  distance  is  governed  by  the  degree  of  M.,  with  which  it  varies  in- 
versely. If  the  P.  R.  is  expressed  in  dioptric  measurement  it  varies  directly 
with,  and  is  the  same  as,  the  degree  of  error.  The  far  point  is  commonly 
taken  to  be  equal  to  the  focal  length  of  the  correcting  lens  but,  while  this 
is  sufficiently  exact  for  practical  purposes,  it  is  not  accurate  since  the  cor- 
recting lens  is  some  distance  out  from  the  refracting  plane.  In  all  cases, 
the  focal  point  of  the  correcting  lens,  wherever  placed,  coincides  with  the 
P.  R.  so  that  the  latter  in  M.  can  be  defined  as  that  point  from  which  light 
must  diverge  in  order  to  be  brought  to  a  focus  at  the  retina  without  Ac. 
The  correcting  concave  lens  causes  parallel  light  to  diverge  as  if  it  came  from 
the  P.  R. 

The  far  point  of  a  M.  eye  is  similar  to  the  real  conjugate  focus  of  an  object 
placed  beyond  F.  of  a  Cx.  lens.  The  nearer  the  object  to  F.,  the  more  dis- 
tant is  the  image  and  vice  versa.  Therefore  in  high  M.  the  light  emerges 
extremely  convergent  from  the  eye  to  meet  at  a  short  distance,  while  in  low 
errors  the  far  point  is  comparatively  distant.  It  is  calculated  in  cm.  by 
dividing  100  by  the  degree  of  M.  or  dioptric  excess.  Thus  in  M.  -5  D., 
M.  3  D.  and  M.  10  D.,  the  P.  R.  is  respectively  at  100/-5=200  cm.,  100/3= 
33  cm.,  100/10=10  cm. 

The  true  P.  R.  is  obtained  by  adding  to  the  estimated  P.  R.  the  distance 
between  the  principal  plane  and  the  lens.  Thus  if  the  correcting  lens  is 
—5*5  D.  placed  17  mm.  in  front  of  the  principal  plane,  the  true  P.  R.  is  at 
100/5-5=18-h  1-7=20  cm.  approximately. 

The  farthest  point  of  vision  expressed  in  D."s  indicates  the  degree  of  M. , 
but  this  test  is  uncertain  because  owing  to  the  largeness  of  the  retinal  image 
the  myope  can  often  distinguish  type  beyond  his  P.  R.  On  the  other  hand 
accommodative  action  or  reduced  V.  may  make  the  P.  R.  appear  nearer  than 
is  actually  the  case,  while  As.  may  cause  the  distance  to  be  indefinite.  Never- 
theless, for  an  approximate  measurement,  the  test  is  useful.  The  P.  R.  being 
the  most  distant  point  of  distinct  vision,  and  at  a  comparatively  short  distance 
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in  M.,  vision  for  anything  beyond  it  must  be  blurred.  The  fully  correcting 
lens  places  the  P.  R.  at  oo,  while  one  which  partially  corrects  the  M.  removes 
it  by  as  many  D.'s  as  there  is  power  in  the  lens.  Thus  in  M.  6  D.  with  a 
-4  D.  lens,  the  P.  R.  is  the  same  as  in  M.  2  D.  without  a  lens,  namely,  at 
2  D.  or  50  cm. 

The  P.  P.— With  the  same  Amp.  as  in  Em.  the  P.  P.  is  nearer  to  an  extent 
equal  to  the  D.'s  of  M.  Thus  if  the  Amp.  of  Ac.  be  6  D.,  the  P.  P.  in  Em. 
is  at  16-5  cm.,  while  in  M.  2  D.  it  is  at  8  D.  or  12-5  cm.;  in  M.  5  D.  for  the 
same  Amp.  it  is  at  11  D.  When  M.  is  corrected,  the  P.  P.  ought  to  be  as 
near  as  it  would  be  in  Em.  at  the  same  age,  but  this  cannot  occur  if  the 
Amp.  is  reduced,  which  is  so  often  the  case.  In  no  circumstances  can  the 
position  of  the  P.  P.  determine  M. ;  if  it  is  nearer  than  the  minimum  position, 
assigned  to  any  given  age,  it  is  probably  because  the  Amp.  of  Ac.  is  greater 
than  this  minimum.  The  position  of  the  P.  P.  may,  however,  serve  to 
confirm  a  determination  of  M.  made  otherwise,  because  without  lenses  the 
P.  P.  should  be  nearer  than  in  Em.  at  the  same  age. 

Range  and  Amplitude  of  Ac. — For  the  same  Amp.  of  Ac.  the  range  is 
lessened  in  M.  For  example,  in  Em.  with  an  Amp.  of  6  D.,  the  range  is 
from  00  to  16-5  cm.;  in  M.  2  D.  the  range  would  be  from  50  cm.  to  12-5  cm. 
The  P.  P.  is  4  cm.  nearer,  while  the  P.  R.  is  brought  from  oo  to  50  cm.  When 
M.  is  fully  corrected,  the  range  is  normal  if  the  Amp.  is  normal;  if  the  latter 
is  reduced  the  range  is  so  also.  In  low  degrees  of  M.  the  Amp.  of  Ac.  is 
practically  the  same  as  in  Em.,  but  in  the  higher  degree  it  is,  owing  to  non- 
use  of  Ac,  often  considerably  lessened  in  proportion  to  the  degrees  of  defect, 
so  that  it  is  not  unusual  to  find  in  high  M.  very  little  accommodative  power, 
and  a  young  myope  of  high  degree  may  be  in  the  same  condition  as  a  very 
old  person  in  this  respect.  The  constant  use  of  corrective  lenses  has, 
however,  the  eft'ect  of  maintaining,  and  often  of  restoring,  good  accommo- 
dative action  if  it  has  become  depleted  owing  to  non-use. 

Lengthening  of  the  Globe. — The  increased  length  of  the  globe  is  about 
•33  mm.  for  each  D.  of  M. ;  thus  in  M.  3  D.  the  increase  is  1  mm.  We  take  it 
that  the  refractive  power,  focal  lengths,  and  cardinal  points  of  the  myopic  eye 
are  the  same  as  in  Em.  so  that  the  increase  of  length  may  be  considered  to 
be  entirely  behind  the  nodal  point. 

The  Retinal  Image  is  larger  in  M.  than  in  other  conditions,  because  the 
distance  between  the  nodal  point  and  the  retina  is  greater,  but  a  comparison 
is  only  possible  when  the  retinal  image  is  sharp.  Thus  if  an  eye  M.  3  D., 
and  an  Em.  eye  accommodated  3  D.,  observe  an  object  at  33  cm.  the  retinal 
image  is  larger  in  the  former.  If  the  defect  is  purely  axial,  the  image  of 
a  distant  object  formed  in  the  vitreous  of  a  M.  eye  is  the  same  size  as  in 
Em.  When  the  correcting  lens  is  in  the  anterior  focal  plane  the  image  is 
carried  back  to  the  retina  but  unaltered  in  size.  A  stronger  lens  beyond, 
or  a  weaker  one  nearer  than,  F^  could  also  cause  the  image  to  be  at  the  retina, 
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but  in  the  former  case  it  would  be  smaller  and,  in  the  latter,  larger  than  in 
Em.     A  full  discussion  on  this  point  will  be  found  in  Chapter  XXI. 

Vision  in  M.— Since  parallel  light  is  brought  to  a  focus  in  the  vitreous  of 
a  myopic  eye,  overlapping  circles  of  confusion  are  formed  at  the  retina  and, 
consequently,  unaided  V.  is  always  subnormal;  the  diminution  is  directly 
proportional  to  the  size  of  the  confusion  discs  and  therefore  to  the  degree  of 
M.  since  these  are  larger  as  the  focal  plane  is  farther  in  front  of  the  retin. . 
Divergent  light  only  can  be  brought  to  a  focus  at  the  latter  so  that,  although 
unaided  V.  is  defective  for  co,  it  may  be  very  good  for  short  distances;  indeed 
near  vision  is  usually  better  in  uncorrected  M.  than  it  is  in  H.  or  Em.  In 
high  degrees,  however,  V.  may  be  lowered  for  all  distances  by  fundus  de- 
generation and  stretching  of  the  globe,  the  latter  also  causing  a  given  sized 
image  to  cover  few  retinal  elements.  In  corrected  low  M.  the  V.  A.  is  usually 
very  good,  but  in  high  degrees  it  may  remain  subnormal  for  the  reasons 
just  mentioned;  nor  can  it  be  improved  by  continued  use  of  lenses  beyond 
what  results  at  once  from  a  sharp  retinal  image.  Usually  Cc.  lenses  do  not 
improve  V.  within  the  P.  R. 

Since  V.  cannot  be  normal  in  uncorrected  M.  and  since  Ac.  is  not  em- 
ployed for  distance,  it  is  possible  to  estimate  from  the  degree  of  V.  the  ap- 
proximate degree  of  defect  if  low.  When  V.  is  below  6/60  the  M.  exceeds 
3D.,  and  a  judgment  cannot  be  then  easily  made.  When  V.  is  6/60  or 
better  the  M.  does  not  exceed  3D.,  and  approximately  the  two  are  then 
related  as  follows : 


M.      . 

.     2-5  D. 

2D. 

1-5  D. 

ID. 

•75  D. 

•50  D. 

•25  D. 

V. 

. .      6/60 

6/36 

6/24 

6/18 

'6/12 

6/9 

6/6 

Here,  of  course,  and  in  fact  throughout  the  whole  of  this  chapter.  As. 
is  presumed  to  be  absent;  in  the  above,  corrected  V.  is  taken  to  be  6/4^5. 
In  some  cases  the  degree  of  vision  is  less,  for  a  given  amount  of  error,  than 
that  in  the  table,  hut  is  very  rarely  more,  and  if  there  are  exceptions  to  this, 
it  is  safer  for  the  student  to  believe  that  there  are  not.  When  M.=3  D. 
or  less,  or  exceeds  3  D.  but  being  partially  corrected  V.=6/60,  vision  should 
improve  one  line  of  the  types  for  every  additional  1/2  or  1/4  D.  increase  of 
Cc.  poiver.  This  has  a  very  important  bearing  on  the  detection  of  spasm 
of  Ac.  as,  in  the  latter,  a  far  greater  concave  power  than  would  be  called  for 
in  true  M.  is  required  to  raise  vision  from  a  certain  point  to  the  normal. 
The  pupils  are  generally  large  in  M.  and  V.  is  thereby  decreased,  but  in  old 
age  they  become  smaller  and  tend  to  improve  the  sight  by  reducing  the  size 
of  the  retinal  circles  of  confusion ;  the  size  of  the  latter  being  governed,  not 
only  by  the  distance  between  the  retina  and  the  focal  plane,  but  also  by 
the  effective  aperture  of  the  refracting  media — that  is,  in  the  size  of  the 
pupil.  On  the  other  hand,  some  myopes  complain  of  seeing  relatively  worse 
at  night,  or  in  a  dim  light,  which  most  likely  is  due  to  the  fact  that  the  pupils 
are  then  more  dilated. 
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Symptoms  and  Troubles  in  M. — In  low  M.,  up  to,  say,  2  or  3  D.,  there 
may  be  any  of  the  symptoms  which  accompany  the  higher  degrees  but, 
usually,  the  only  complaint  is  that  of  inability  to  see  distant  objects,  such 
as  names  of  streets,  the  time  from  a  public  clock,  or  to  recognize  the  features 
of  friends,  and  a  school  child  cannot  see  what  is  written  on  the  blackboard. 
Although  the  myope  of  low  degree  complains  of  his  defective  distant  sight 
he  rather  jjrides  himself  on  his  excellent  near  vision  and  ability  to  read  con- 
tinuously without  fatigue.  Some  few  suffer  from  asthenopia,  but  the  large 
majority  of  myopes  of  low  degree  do  not.  Some  notice  -their  defective 
distant  vision  very  much  but  others  are  almost  unaware^of,  it.  Myopes  of 
very  low  degree — under,  say,  1  D. — -rarely  seek  correcting  lenses;  perhaps 
indeed  they  are  scarce,  or  do  not  know  they  have  subnormal  vision. 

In  medium  M.,  say  from  3  to  6  D.,  defective  distant  sight  is  more  pro- 
nounced and  other  conditions  tend  to  resemble  those  of  high  M.,  and  those 
of  high  again  tend  to  resemble  those  of  very  high  M.,  and  so  on  to  the  worst 
forms  of  this  defect.  We  find  asthenopia  owing  to  the  exertion  of  Con.  in 
excess  of  Ac,  and  to  the  high  degree  of  Con.  required;  also  headaches  chiefly 
between  the  brows.  Prominence  of  the  eyes,  which  move  slowly  and  with 
difficulty,  as  the  long  myopic  globe  cannot  freely  rotate  in  its  cylindrical 
orbit.  This  is  why  the  myope  turns  his  head,  rather  than  his  eyes,  even 
more  than  does  the  emmetrope  or  hypermetrope,  and  for  the  same  reason 
Con.  is  the  more  sluggish,  difficult  and  painful.  Exophoria,  due  to  functional 
inefficiency  of  the  internal  recti,  is  the  usual  muscular  condition  in  M. 

Low  or  medium  degrees  of  M.  may  be  apparently  increased  owing  to 
spasm  of  Ac,  the  latter  being  probably  caused  by  As.  There  may  be  photo- 
phobia, or  intolerance  of  light,  accompanied  by  the  habit  of  half  closing  the 
eyes ;  lowering  of  the  brows  with  consequent  frowning  is,  for  the  same  reason, 
sometimes  noticeable.  The  habitual  partial  closure  of  the  lids  by  some 
myopes  acts  as  a  horizontal  stenopseic  slit  in  improving  vision;  objects  un- 
recognized with  open  eyes  may  be  so  when  the  latter  are  half  closed,  and  the 
habit  is  more  common  when  there  is  As.  according  to  the  rule  {q.v.). 

Other  symptoms  of  the  higher  degrees  of  M.  are :  Print  must  be  held  very 
near  in  order  to  be  read,  and  writing  can  only  be  managed  by  placing  the 
eyes  a  few  inches  from  it.  So  close  indeed  has  such  work  to  be  done,  that 
convergence  and  binocular  fixation  become  impossible  and  one  eye  only  may 
be  used,  divergent  strabismus  being  caused  by  inability  of  the  internal  recti 
to  maintain  fusion,  and  occasional  diplopia  may  result  from  periodic  stra- 
l)ismus ;  constant  diplopia  does  not  often  result  from  squint  caused  by  M. 

Aching  and  pain  at  the  back  of  the  eyes,  apparent  flashes  of  light,  red- 
ness and  congestion  of  the  lids  and  conjunctivse,  dancing  print  and  musccB 
volitantes.  Reduced  visual  acuity  may  obtain  notwithstanding  the  best 
optical  correction.  V.  may  reach  6/6  or  only  6/9,  6/12,  6/18  or  even  less. 
A  small  reduction  may  be  due  to  mere  stretching  of  the  retinal  elements,  the 
eye  being  perfectly  healthy,  but  a  greater  reduction  is  generally  due  to  changes 
at  the  fundus. 
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The  myopic  crescent,  which  is  a  ring  or  crescent-shaped  area  of  sclerotic 
at  the  side  of  the  optic  disc,  having  its  Cx.  edge  towards  the  macula,  is  com- 
monly seen  in  all  myopic  eyes  but,  unless  more  than  usually  developed,  is 
not  of  importance.  Should,  however,  the  crescent  be  highly  developed,  it 
denotes  a  serious  condition  which  results  from  progressive  and  malignant  M. 
known  as  a  posterior  staphyloma,  i.e.,  a  bidging  backwards  of  the  sclerotic 
in  the  region  of  the  optic  disc. 

In  the  very  high  degrees  of  M.  there  may  be  scotomata  or  blind  areas  in 
the  visual  field;  atrophy,  haemorrhage  and  pigmentation  of  the  choroid, 
liquidity  of  the  vitreous  with  opacities,  or  cells  of  altered  refractive  index, 
giving  rise  to  pronounced  musccB  volitantes  ;  spontaneous  retinal  detachment 
may  occur,  or  as  a  result  of  a  fall  or  blow;  this  is  a  danger  always  overhanging 
high  M.,  and  cataract  may  supervene  as  a  further  complication. 

Detachment  of  the  retina  from  its  bed  on  the  choroid  results  from  absence 
of  the  normal  tension  of  the  vitreous  on  it.  The  vitreous  having  become 
liquid  or  of  less  firm  consistency,  the  retina  bulges  forward  into  the  vitreous, 
and  the  space  between  it  and  the  choroid  is  occupied  by  fluid.  The  condition 
can  be  seen  ophthalmoscopically.  The  loss  of  sight  is  complete  over  the 
detached  area.  It  is  sometimes  cured  by  treatment,  and  some  cases  of 
spontaneous  cure  have  been  recorded. 

Asthenopia  occm-s  partly  on  account  of  the  high  Con.  effort  required 
for  binocular  fixation,  but  still  more  because  the  effort  of  Con.  exceeds  that 
of  Ac.  If,  as  so  often  occurs,  there  is  no  asthenopia,  it  is  because  the  efforts 
are  equal  although  the  quantities  exerted  are  not,  and  indeed  cannot  be  in 
uncorrected  M. 

Photophobia. — Intolerance  of  light  is  one  of  the  concomitants  of  high  M. 
or  where  there  is  asthenopia,  but  as  a  rule  it  disappears  when  the  error  is 
effectively  corrected.  If,  however,  it  continues  or  if  very  pronounced  tinted 
lenses  may  be  required.  Nos.  1  or  2  smoke  or  blue  serve  the  purpose;  deep 
shades  tend  rather  to  render  the  retina  still  more  sensitive  to  light,  or,  at 
least,  tend  to  maintain  the  extreme  sensibility;  for  the  same  reason,  their 
temporary  rather  than  their  continued  use  is  advisable. 

The  Determination  oJ  M.  is  made  if,  with  other  corroborative  details,  a 
Cc.  lens  definitely  improves  V.,  which  was  subnormal  without  the  lens,  so 
that  by  its  aid  smaller  objects  such  as  test  types  can  be  clearly  distin- 
guished. 

When  V.  is  6/60  or  better,  a  weak  Cc.  lens,  say -5  or  1  D.,  should  improve 
the  sight  one  or  two  lines;  there  cannot  be  needed  anything  stronger  than, 
say,  -1  D.  in  order  to  determine  the  presence  of  M.  and  if  such  power  does 
not  improve  the  sight  to  some  extent,  M.  cannot  well  be  present.  When  V. 
is  less  than  6/60  a  weak  lens  can  only  cause  a  very  indefinite  improvement, 
or  none  at  all  if  the  error  is  high.  In  these  cases  medium  power  lenses  must 
be  tried  and  the  power  rapidly  raised  until  No.  60  type  can  be  read.  Or 
a  rough  approximation  of  the  degree  of  error  may  be  obtained  from  measur- 
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ing  the  P.  R.  and  a  lens  somewhat  weaker  than  the  measure  thus  obtained 
is  then  employed  for  the  determination  of  M.  For  instance,  if  the  M.=10  D. 
nothing  weaker  than  —  7  D.  would  improve  V.  to  6/60,  and  until  this  occurs 
it  cannot  be  stated  that  M.  is  determined.  Therefore  it  may  be  said  that, 
when  V.  is  less  than  6/60,  M.  is  determined  when  it  is  raised  to  6/60. 

A  definite  improvement  in  sight  is  indicated  by  the  ability  to  read,  with 
the  lens,  test  types  which  were  indistinguishable  without  it.  This,  and  not 
merely  sharper  sight,  is  needed  before  it  can  be  said  that  M.  is  determined 
because  frequently  a  weak  Cc.  lens  apparently  sharpens  the  visual  faculty  in 
Em.  or  H.  Further,  spasm  of  Ac.  {q.v.)  may  cause  false  M.  to  be  mistaken 
for  the  true  defect,  but  the  latter  is  confirmed  if  fine  j)rint  can  be  easily  read 
near  to  the  eyes,  i.e.  at  or  within  the  P.  R. 

It  should  be  noted  particularly  that — 

(a)  If  V.  is  normal,  i.e.  if  the  maximum  acuity  for  that  particular  eye  is 
attained  without  any  lens,  M.  cannot  he  present. 

(h)  If  M.  is  present  a  Cc.  sph.  must  definitely  improve  V.,  i.e.  give  additional 
power  to  read  distant  types. 

(c)  A  —  sph.  may  slightly  improve  V.,  although  M.  does  not  exist  {As.  or 
sjJasm  of  Ac). 

(d)  The  fact  that  the  P.  P.  apparently  indicates  more  than  the  minimum 
Amp.  of  Ac.  for  the  age  does  not  show  that  M.  is  present. 

The  Determination  of  the  Degree. — When  M.  is  determined,  i.e.,  V.  raised 
to  6/60  or  better,  the  Cc.  should  be  increased  very  gradually  until  the  highest 
possible  V.  A.  is  reached.  Thus  if  with  any  lens  V.  is  raised  to,  say,  6/4-5, 
the  measure  of  the  M.  is  the  power  of  the  iveahest  Cc.  lens  with  which  this 
is  obtained.  If  the  lens  is  made  a  quarter  diopter  weaker,  V.  will  be  reduced, 
while  if  it  is  increased  in  strength  the  visual  acuity  does  not  become  higher 
than  6/4-5.  If  V.  cannot  be  improved  beyond  6/9  or  any  other  fraction, 
the  degree  of  M.  is  represented  by  the  weakest  lens  with  which  this  fraction 
is  attained.  When  a  lens  higher  than  the  actual  defect  is  placed  in  front  of 
the  eye,  V.  is  equally  good  if  Ac.  is  sufficient  and  active;  the  eye  being  made 
artificially  H.,  the  Ac.  is  exerted  in  order  to  neutralize  the  excess  of  Cc. 
power.  For  instance,  a  young  myope  may  see  equally  well  through  —2, 
—2-25,  -2-50  D.  and  many  other  stronger  lenses,  but  sees  less  acutely  with 
—  1-75  D.  Therefore  2  D.  is  the  measure  of  the  M.  because  a  weaker  lens 
causes  a  lessened  visual  acuity,  and  a  stronger  one  does  not  give  any  higher 
acuity. 

Care  must  be  taken  not  to  excite  Ac.  and  thus  over-estimate  the  degree 
of  M. ;  this  is  always  probable  especially  when  there  is  As.,  and  too  much 
stress  cannot  be  laid  on  the  necessity  of  not  increasing  the  power  of  the 
—sph.  lens  unless  definite  ability  to  read  smaller  types  is  thereby  obtained,  and 
that  such  increase  shoidd  not  exceed  some  1/2  or  1/4  D.for  each  line  of  the  types. 
The  measure  of  M.  is  the  power  of  the  very  weakest  Cc.  sph.  lens  with  which 
the  most  acute  vision  is  obtained  lohen  both  eyes  are  engaged  in  vision.  Thus 
if  with  —2D.  V.  =  6/4-5  for  each  eye  separately,  and  binocularly  V.= 6/4-5 
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with  +'25  D.  added  to  each,  then  the  measure  of  the  M.  is  1-75  D.  (vide 
Binocular  Test).  Whether  Ac.  is  exerted  for  distance  or  not  can  usually  be 
learnt  by  noting  if  vision  varies  when  the  types  are  observed  with  lenses 
which  cause  it  to  be  about  6/9  or  6/12.  It  must  specially  be  remembered 
that  if  there  is  any  As.  this  must  be  corrected  before  the  degree  of  M.  can 
be  ascertained. 

Except  in  fairly  high  M.  and  in  extreme  old  age,  Ac.  is  never  totally  at 
rest,  so  that  the  degree  of  M.  manifested  under  cycloplegia  is  generally 
smaller  than  it  is  under  ordinary  conditions  of  sight;  an  eye  which  is  ordi- 
narily M.  1  D.  would  be  more  nearly  Em.  under  atropinization. 

The  Binocular  Test  is  made,  as  in  H.,  by  applying  pairs  of  weak  +  sph.'s 
when  the  two  eyes  are  engaged,  after  each  separately  has  been  corrected  to 
best  possible  vision.  It  sometimes  occurs  that,  notwithstanding  the  pre- 
caution taken  in  the  monocular  test,  equally  good,  and  more  comfortable 
sight,  is  obtained  when  the  Cc.  lenses  are  thus  reduced  in  power.  Addi- 
tional —  power  is  rarely  needed  in  binocular  vision,  although  it  is  possible, 
especially  in  high  exophoria. 

Fogging  Lenses. — Fogging  is  resorted  to  in  order  to  reduce  accommoda- 
tive action.  It  is  not  unusual  to  find  Ac.  apparently  increasing  the  degree  of 
M.  and,  to  fog,  it  is  merely  necessary  to  give  lenses  which  under- correct  the 
apparent  error,  these  having  the  same  eSect  as  over-correcting  Cx.  lenses  in  H. 

Testing  and  Correcting  of  M. — In  theory  the  correction  would  be  those 
Cc.  sph.'s  which  fully  correct  the  optical  error,  but  in  practice  we  find  that 
the  lenses  needed  vary  quite  considerably  with  the  degree  of  error,  the 
muscular  balance,  the  accommodative  power  and  the  visual  necessities  of  the 
myope.  In  H.  the  selection  of  the  needed  lenses  is  much  simplified  by  the 
fact  that,  excluding  presbyopia,  the  same  serve  for  near  and  for  distant 
vision;  in  M.  more  often  than  not  the  contrary  is  the  case.  In  the  following 
it  is  presumed  (a)  that  the  age  precludes  presbyopia,  (6)  that  there  is  no 
As.,  (c)  that  normal  V.  is  attained,  (d)  that  the  eyes  are  healthy. 

The  measure  of  the  M.  is  obtained  by  the  distance  test;  the  near  test 
then  follows,  and  those  lenses  which  are  best  suited  for  near  work  are  pre- 
scribed for  constant  wear.  They  must  allow  of  close  work  being  done  at  a 
sufficiently  great  distance  without  undue  strain  on  the  Ac.  and,  therefore, 
weaker  lenses  are  generally  needed  than  for  distance  because  the  accommo- 
dative action  is  lessened  in  M.  -  At  the  same  time  Con.  is  more  easily  exerted 
if  it  is  accompanied  by  Ac.  When  Con. =3  M.  A.,  an  associated  and  equal 
effort  of  Ac.  produces  a  certain  quantity  of  that  function;  now  if  this  quantity 
were  3  D.  the  myope  could,  with  comfort,  wear  his  full  correction  for  close 
work,  but  if,  as  is  usually  the  case,  the  quantity  is  less,  his  full  correction 
Qiust  be  reduced  for  near  vision.  Such  reduction  may  be  anything  between 
25  D.  and  3  D.,  but  the  latter  rarely  occurs  except  in  very  high  M.,  or  where 
there  is  high  Eso. 

The  lenses  used  in  near  vision  are  of  greater  importance  than  those  for 
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distance;  they  increase  the  distance  at  which  reading,  etc.,  is  done,  so  that 
not  only  is  the  actual  amount  of  Con.  lessened,  but  it  is  more  easily  efiected 
owing  to  the  associated  Ac.  which  is  rendered  necessary  by  the  Cc.  lenses 
themselves;  they  thus  relieve  strain  on  convergence,  they  render  the  main- 
tenance of  binocular  vision  possible,  they  harmonize  Ac.  and  Con.,  cure  or 
prevent,  as  the  case  may  be,  asthenopia,  headaches,  heterophoria  and  stra- 
bismus, and  they  tend  to  prevent  increase  of  the  M.  For  instance,  a  myope 
of  6  D.  without  correction  would  read  at  his  P.  R.,  which  is  at  16  cm.,  em- 
ploying 6  M.  A.  Con.  and  no  Ac.  With,  say,  -5  D.  lenses,  he  would  read 
at,  about,  33  cm.  where  Con.  is  only  3  M.  A.  and  Ac. =2  D.  Not  only  are 
3  M.  A.  Con.  more  easily  effected  than  6  M.  A.,  but  the  stimulus,  lacking 
when  Ac.  is  not  exerted,  is  no  longer  absent. 

The  constant  glasses  given  to  a  myope  should  be  neither  a  full  correc- 
tion, nor  too  great  an  under-correction.  The  first  causes  too  great  a  demand 
on  Ac.  so  that  the  necessary  effort  made,  in  order  to  see,  would  produce  dis- 
comfort, would  stimulate  Con.  too  much,  and  would  cause  print  to  appear 
small,  so  that  the  latter  may  be  approached  to  the  eyes  to  increase  the  size 
of  the  retinal  image.  Thus  not  only  do  the  glasses  cause  strain  on  all  the 
muscles,  but  they  bring  about  what  they  are  intended  to  prevent,  namely, 
reading  at  too  short  a  distance.  On  the  other  hand,  under-correction  causes 
too  small  a  demand  on  Ac.  and  fails  to  remedy  sufficiently  the  defect  and  its 
attendant  troubles.  Lenses  prescribed  should  prove  comfortable  so  soon  as 
they  are  taken  into  use.  The  optician  should  resist  any  desire  of  the  myope 
for  acute  distant  vision  associated  with  reading,  without  lenses,  too  near  to 
the  eyes. 

Since  the  constant  use  of  Cc.  lenses  renders  Ac.  necessary,  a  depleted 
accommodative  function,  in  a  young  myope,  may  be  gradually  raised  to  a 
normal  state.  If  non-use  lessens  the  functional  activity  of  the  ciliary 
muscle,  use  should  increase  it,  and,  where  a  reduced  correction  has  to  be 
given,  a  judicious  treatment  of  the  case,  by  very  gradual  increase  of  power, 
may  result  in  the  course  of  time  in  a  full  correction  being  worn  with  ease 
and  comfort.  When  full  correction  for  near  work  seems  possible,  it  is  well 
to  note  that  the  near  point,  with  lenses,  is  at  least  as  near  to  the  eyes  as  it 
would  be  with  an  emmetrope  at  the  same  age.  If  it  is  not,  full  correction 
for  all  distances  is  contra-indicated.  It  should  be  always  remembered  that 
an  apparently  full  correction  may  be  actually  an  over-correction  if  there  is 
any  spasmodic  Ac.  and,  in  short,  it  is  safer  to  leave  part  of  the  apparent 
defect  uncorrected. 

The  writer  thinks  that  generally  M.  in  children  younger  than,  say,  16 
should  be  measured  under  cycloplegia  because  some  cases  need  full  correc- 
tion but  never  over-correction,  and  it  is  practically  impossible  to  obtain  the 
exact  true  measure  of  the  error  without  the  use  of  drugs. 

Although  low,  medium  and  high  M.  are,  in  the  following  paragraphs, 
treated  separately  there  is  no  sharp  division  between  them,  and  rules 
generally,  with  modifications,  are  common  to  the  three. 
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Low  M. — In  M.  up  to  about  3  D.,  lenses  with  which  V.=6/9  should 
be  worn  constantly  by  young  people,  except  perhaps  when  at  play.  Quite 
apart  from  the  other  important  effects  of  the  lenses,  constant  use  of  the 
correction  by  a  school  child  is  indicated,  because  it  would  be  difficult  for 
him  to  put  his  glasses  on  and  off  as  he  views  alternately  the  blackboard  and 
his  copy-book.  When  maturity  is  reached  a  full  correction  may  be  given 
with  greater  confidence,  provided  comfort  is  obtained  in  close  work.  Many 
adults,  who  have  not  previously  used  concave  lenses,  prefer  to  read  without 
them.  This  is  permissible  in  low  M.  and  is  the  more  so  as  the  error  is  low. 
In  these  cases  the  glasses  are  required  for  distant  vision  only,  they  being  put 
on  when  far  objects  have  to  be  seen  and  taken  off  for  close  work.  Where, 
however,  asthenopia  is  present,  as  indeed  sometimes  occurs  even  in  very  low 
M.,  constant  use  is  indicated,  as  it  is  also  when  close  work  is  brought  too 
near  the  eyes,  and  when  close  work  is  as  comfortable,  or  more  so,  with  the 
glasses  than  without  them;  also  when  there  is  As.  or  anisometropia, 
although  frequently  these  cause  no  trouble  to  adult  myopes.  When  under- 
correction  is  given  to  an  adult  for  constant  wear,  a  full  correction  may  be 
also  given  for  distance  only. 

Medium  M.  ranges  between  3  D.  and  6  D.,  but  in  children  such  degrees 
must  be  considered  respectively  high  and  very  high,  and  require  great  care 
in  their  treatment;  in  some  cases  rest  in  the  form  of  partial  or  total  absten- 
tion from  close  work  being  indicated.  Rules  which  tend  to  prevent  increase 
must  be  rigidly  enforced  and  the  child's  eyes  kept  under  observation  for  a 
few  years. 

At  all  ages,  although  reading  and  writing  can  be  easily  performed  with- 
out lenses,  the  working  distance  is  too  short.  The  distance  correction 
having  been  found,  No.  1  type  on  the  hand  card  will  be  easily  read  with  the 
same  glasses  if  the  accommodative  power  is  good.  If  this  be  the  case  the 
power  of  the  lenses  should  be  but  slightly  reduced,  say,  -5  to  1  D.  and  these 
given  for  constant  use.  If  with  the  distance  glasses  No.  1  type  cannot 
be  read,  or  only  with  difficulty,  the  reduction  in  power  must  be  greater, 
say,  1-5  D.  or  2  D.  or  even  more;  it  should,  however,  always  be  as  small 
as  possible  and  should  not  reach  3^.  for  33  cm.  or  2-5  D.  for  40  cm.  because 
in  that  case  no  Ac.  at  all  is  used  when  reading,  a  condition  which  is  not 
desirable.  The  lenses  should  enable  the  myope  to  read  fine  print  comfortably 
at  the  reading  distance  and  the  latter  should  not  be  nearer,  in  any  case,  than 
33  cm.,  or  preferably  40  cm. ;  this  correction  should  be  employed  constantly. 
Rarely  is  there  left  uncorrected  more  than,  say,  2D.  of  M.  and  in  most  cases 
it  is  less.  Where  full  correction  cannot  be  constantly  worn  by  an  adult, 
this  may  be  supplied  for  occasional  use,  as  for  the  theatre,  shooting,  billiards, 
etc. 

High  M. — The  selection  of  the  required  lenses  is  in  general  the  same 
as  for  medium  M.,  the  only  difference  being  that  the  reduction  for  constant 
wear  would  probably  need  to  be  higher,  the  accommodative  power  beiug 
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frequently  very  depleted.  Also,  in  very  high  degrees,  it  may  be  necessary 
to  bring  the  reading  distance  nearer  to  the  eyes  than  33  cm.  so  that  a  still 
greater  reduction  may  be  required.  In  some  cases  of  high  M.  (6  D.  to  10  D.) 
or  even  very  high  M.  (over  10  D.)  the  V.  A.  is  normal  and  Ac.  good,  so  that 
the  selection  of  the  lenses  needed  may  be  on  the  lines  indicated  for  medium 
defects.  In  other  cases  V.  is  lowered,  Ac.  is  bad  and  the  eyes  generally  are 
difficult  to  correct;  the  optician  must  make  qicite  sure  that  medical  treatment 
is  not  needed  in  preference  to,  or  along  with,  optical  treatment,  before  he  takes 
the  responsibility  of  treating  them. 

Exophoric  and  Esophoric  M. — The  excessive  Con.  demanded  in  M.  and 
the  deficient  innervation  due  to  the  lack  of  stimulation  from  the  Ac.  produce 
exophoria  or  insufficiency  of  the  internal  recti;  it  is  the  muscular  condition 
usually  found  associated  with  M.  The  difficulty  experienced  in  Con.  is 
remedied  partly  by  exciting  Ac.  with  Cc.  lenses  and  partly  by  removing 
the  near  working  point  to  a  greater  distance  where  less  Con.  is  required. 
The  rule  in  exophoric  M.  is  fully  to  correct  the  M.  in  the  sense  that  the  con- 
stant wear  and  reading  glasses  should  be  as  nearly  as  possible  equal  to  those 
for  distant  vision.  By  this  means  the  Ac.  efiort  is  increased  to  harmonize 
more  nearly  with  the  reduced  Con.  effort  necessary.  As  already  stated,  lenses 
somewhat  weaker  than  full  correction  must,  almost  of  necessity,  be  given 
on  account  of  the  small  amount  of  Ac.  produced  by  a  given  effort;  lenses 
which  are  too  strong  may  cause  the  Ac.  effort  to  exceed  that  of  Con. 

Esophoria,  or  insufficiency  of  the  external  recti,  is  the  exception  in  M. 
When  it  is  present  only  a  relatively  small  Con.  effort  is  required,  so  that 
if  Ac.  be  induced  by  Cc.  lenses,  the  Ac.  effort  is  great. ^r  than  that  of  Con. 
and  reading  and  near  work  is  achieved  with  difficulty  and  pain.  The  remedy 
consists  in  giving  such  lenses  for  constant  use  and  near  vision  as  cause  very 
Utile  or  no  Ac.  to  be  exerted,  i.e.  the  distance  glasses  must  be  considerably 
reduced  in  strength,  say,  2  D.  to  3  D. 

Comfortable  vision  results  from  harmonizing,  not  necessarily  the  quan- 
tities, but  the  efforts  of  Ac.  and  Con.  Between  Exo-  and  Eso-  there  is 
Orthophoria  which  demands  for  the  M.  a  correction  modified  so  far  as  the 
accommodative  action  is  lessened  for  a  gi^en  effort.  The  muscular  balance 
is  an  important  factor  in  the  estimation  of  the  needed  correction  in  M. 

The  Reasons  for  Corrective  Lenses.— Summarizing  what  has  been  already 
said,  lenses  are  given  in  M.  because  they  improve  the  sight  for  distance,  and 
may  be  foi  close  work;  they  enable  close  work  to  be  done  at  a  greater  dis- 
tance, they  relieve  Con.,  harmonize  Ac.  and  Con.,  and  maintain  binocular 
vision;  they  prevent  or  cure  asthenopia,  photophobia,  heterophoria,  squint, 
etc.,  and  most  important  of  all,  they  prevent  an  increase  of  the  defect.  The 
defective  shape  of  the  globe  cannot  be  remedied  nor,  as  in  H.,  can  it  diminish 
m  degree  except  from  operation,  disease  or  old  age.  All  that  can  be  done 
is  to  make  the  eyes  more  or  less  practically  Em.  by  means  of  lenses,  and  pre- 
vent increase  by  optical  and  hygienic  treatment.    M.  cannot  be  reduced  or 
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cured  by  lenses,  although  some  may  think  that  this  has  occurred  owing  to 
a  previous  erroneous  measurement  of  the  refractive  condition. 

Reasons  for  the  Acquisition  of  M. — It  is  known  that  M.  is  not  congenital, 
but  acquired  from  excessive  increase  in  the  length  of  the  globe.  It  is  not, 
however,  known  why  some  people  become  M.  and  others  not,  although  the 
influence  of  heredity  in  this  connection  is  acknowledged;  the  children  of 
myopic  parents  have  a  tendency  to  acquire  M.  in  the  same  way  as  the  children 
of  tall  parents  are  likely  to  grow  tall.  The  probable  reasons  for  the  ab- 
normal development  which  results  in  M.,  may  be  divided  into  those  natural 
to  the  eyes  themselves,  and  those  connected  with  the  way  in  which  they 
are  used. 

The  use  of  the  eyes  in  close  work  is  the  predominant  cause  of  M.  The 
eyeball  in  childhood  is  soft  and  yielding,  and  continued  convergence  with 
its  accompanying  tension  of  the  motor  muscles  on  the  globe,  tends  to  lengthen 
it  in  the  region  of  the  posterior  pole,  where  the  resistance  of  the  sclerotic 
is  a  minimum.  Further,  if  excessive  innervation  of  the  internal  recti  is 
accompanied  by  restraining  action  of  the  external  recti,  the  globe  is  com- 
pressed between  them  and  tends  to  become  egg-shaped.  This  would  obtain 
so  long  as  the  demand  on  Ac.  exceeds  that  on  Con.,  and  the  tendency  to 
lengthening  of  the  globe  being  established,  would  continue  even  when  Ac. 
in  excess  of  Con.  is  no  longer  requisite  for  clear  binocular  vision.  It  is 
sometimes  said  that  M.,  when  neglected,  feeds  on  itself,  and  the  expression 
is  apt  in  that  the  increase  of  the  defect  itself  calls  into  greater  prominence 
those  habits  of  Con.  etc.,  to  which  it  is  due;  in  other  words,  there  is  a  sort 
of  vicious  circle  of  cause  and  effect. 

There  is  a  decided  tendency  to  develop  M.  where  there  is  any  condition 
of  the  eyes,  as  nebula  of  the  cornea,  irregular  As.,  cataract,  etc.,  which,  by 
reducing  the  visual  acuity,  necessitates  the  holding  of  small  objects  close 
to  the  face.  These  conditions  are,  however,  comparatively  rare,  but  regular 
As.  is  not  and  it  is  extremely  probable  that  the  chief  factor  in  the  acquisition 
of  M.  is  uncorrected  congenital  As.  When  the  latter  is  present  and  the  faculty 
of  sectional  Ac.  has  not  been  developed,  the  retinal  image  is  blurred  and 
objects,  such  as  print,  can  be  seen  only  if  the  angle  of  vision  is  increased 
in  order  to  produce  a  large  retinal  image,  and  this  action  is  the  more  easy 
in  youth  as  the  accommodative  amplitude  is  then  large.  Cases  of  M.  with- 
out As.  are  much  less  common  than  those  with  it;  indeed,  they  are  very  rare. 

Excessive  Ac.  is,  by  some,  considered  to  be  one  of  the  causes  of  M.;  its 
direct  influence  is  not  apparent  but  undoubtedly,  by  exciting  excessive  Con., 
with  its  corresponding  antagonistic  muscular  action,  it  plays  some  part. 
Stooping  over  books  and  other  work  also  has  a  marked  adverse  influence  by 
causing  the  normal  flow  of  the  blood  to  be  impeded,  with  consequent  en- 
gorgement of  the  ocular  vessels.  There  is  not,  however,  any  special  ten- 
dency to  the  acquirement  of  M.  by  those,  such  as  engravers,  watchmakers, 
etc.,  who  are  continuously  engaged  in  close  work  with  the  head  in  a  stooping 
position.     The  explanation  would  seem  to  be  that  continuous  application 
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at  short  distances  commences,  in  these  cases,  later  in  life.  Besides,  in  such 
occupations  a  single  magnifying-glass  is  employed  and  therefore  Con.  is  not 
brought  into  action. 

The  foregoing  causes  are  mainly  embodied  in  continuous  use  of  the  eyes 
associated  with  stooping  and  undue  approximation  of  the  work.  Conse- 
quently if  near  work  be  carried  on  under  conditions  favourable  to  them, 
it  is  far  more  likely  that  M.  will  result,  when  there  is  a  tendency  thereto. 
Such  conditions  would  include  bad  or  imj)roperly  placed  lighting,  desks  too 
low  or  seats  too  high,  print  too  small,  reading  by  firelight  or  by  flickering 
light.  These  obviously  cause  stooping  or  approximation  of  the  work  to  the 
eyes  and  tend  to  produce  M.,  even  if  there  are  no  anatomical  factors,  and 
still  more  so  if  there  are. 

Whatever  tends  to  produce  M.,  in  a  H.  or  Em.  eye,  tends  also  to  increase 
M.  when  it  already  exists.  Moreover,  that  which  at  first  may  be  merely 
a  habit  or  a  necessity,  owing  to  uncorrected  As.  or  a  low  desk  or  bad  light, 
becomes  respectively  a  necessity,  or  an  increased  necessity,  when  M.  to 
any  extent  actually  exists.  That  is  to  say,  the  myope  indulges,  imder 
similar  circumstances,  in  closer  approximation  to  the  eyes  of  the  object 
viewed  and  in  more  stooping  than  does  the  H.  or  Em.  A  myopic  child 
is  the  more  likely  to  be  addicted  to  reading  and  study  and  would  follow 
these^pursuits  under  conditions  favourable  to  increase  of  the  defect,  and 
he  is^often  less  inclined  to  outdoor  sports  for  the  very  reason  that  he  has 
defective  vision. 

The  greater  the  interpupillary  distance,  the  greater  is  the  actual  amount 
of  Con.  needed  for  any  given  distance  and  the  action  of  the  internal  recti 
is  thereby  increased.  Whether  it  be  a  coincidence  or  not,  it  is  frequently 
the  case  that  myopes  have  large  interpupillary  distances  and  the  deduction 
may  be  drawn  that  a  great  distance  between  the  two  eyes  rather  tends  to 
the  acquirement  of  M. 

Hygienic  Measures.- — In  addition  to  the  use  of  corrective  lenses,  certain 
rules,  respecting  the  use  of  the  eyes,  should  be  followed.  They  are  specially 
applicable  to  children  or  where  the  M.  is  of  high  degree  or  where  it  is,  or  is 
likely  to  be,  progressive.  They  are  all  formulated  with  the  object  of  pre- 
venting an  increase  of  the  defect  and  incidentally  they  help  to  cure  asthenopia 
and  other  troubles. 

The  light  for  reading,  writing,  etc.,  should  be  bright  and  steady,  and 
when  writing  should,  for  preference,  be  on  the  left  but  certainly  not  on  the 
right  as  then  a  shadow  of  the  hand  interferes  with  vision.  No  close  work 
should  be  done  witj^out  the  prescribed  lenses,  nor  in  a  dull  light  nor  for 
any  lengthy  period  without  a  reasonable  rest  therefrom ;  the  habit  of  momen- 
tary relaxation  obtained  by  looking  to  the  other  end  of  the  room  should 
be  encouraged.  No  close  work  should  be  done  when  lying  down,  as  this 
puts  increased  strain  on  the  motor  muscles,  nor  when  walking,  driving  or 
under  any  condition  where  the  distance  of  the  object  viewed  is  constantly 
changed.     Near  work  should  be  limited  in  extent,  and,  for  children,  plenty 
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of  outdoor  exercise  recommended.  Nothing  tight  should  be  worn  round  the 
neck;  habits  of  stooping  and  close  viewing  must  be  broken;  writing  and 
reading  at  a  reasonable  distance,  with  the  head  erect,  must  be  insisted  on. 
If  M.  is  really  progressive  in  the  sense  that,  notwithstanding  correction  and 
attendance  to  rules,  the  defect  increases  and  within,  say,  six  months,  calls 
for  higher  power  lenses,  the  abstention  from  close  work  should  be  lengthened 
and,  if  necessary,  made  complete  for  a  period. 

The  Visual  Condition  of  M.^ — Malignant,  progressive  or  very  high  M.  is 
an  extremely  dangerous  condition  oftJie  eyes  ;  medium  or  high  M.  also  presents 
many  inconveniences,  troubles  and  disadvantages.  Low  M.  when  it  has 
become  stationary  is,  however,  a  state  which  has,  at  least,  as  many  advan- 
tages as  disadvantages.  Distant  V.  is  not  acute,  but  objects,  as  a  rule,  are 
sufficiently  well  seen ;  indeed,  to  a  myope  of  low  degree,  the  view  of  his  sur- 
roundings is  softer  and  more  pleasant  than  to  the  Em.  At  the  same  time 
he  can  obtain  acute  vision,  if  he  wishes  to,  by  using  glasses.  His  near  vision 
is  exceedingly  good  and  strong,  and  he  can  maintain  close  work  without 
fatigue  for  a  much  longer  time  than  can  the  Em.  or  H.  Finally,  the  period 
of  life  when  reading  glasses  are  a  necessity  is  long  delayed  and  this  is  no 
small  advantage.  That  myopes  of  low  degree  prefer  their  slightly  blurred  or 
softened  natural  vision  to  the  more  crude  and  sharper  image  obtained  with 
lenses,  is  evidenced  by  the  fact  that  they  either  do  not  constantly  use  glasses 
or  they  prefer  under-correction. 

M.  and  Acquired  H. — The  same  changes  due  to  age  take  place  in  M.  as 
in  Em.  and  H.  Consequently,  at  about  50  years  of  age,  or  a  little  later,  the 
refractive  condition  of  the  eye  and  therefore  the  degree  of  M.  commences  to 
decrease,  the  acquired  H.  partially  neutralizing  the  original  M.  In  theory  a 
degree  of  M.  as  high  as  2-5  D.  may  disappear,  but  there  are  few  statistics  to 
show  how  far  it  is  the  case  that  M.  in  old  age  becomes  Em.  or  H. 

M.  and  Presbyopia. — Since  Ac.  decreases  with  age,  Cc.  reading  glasses 
must  then  be  reduced  in  strength.  If  the  presbyopia  equals  the  M.  no 
glasses  are  needed  for  reading;  if  the  presbyopia  exceeds  the  M.  the  glasses 
required  for  reading  would  be  Cx.  while  those  for  distance  would  be  Cc, 
No  Cx.  lenses  can  be  required  if  the  M.  is  3  D.  or  more,  for  the  myope  can 
then  always  read  at  his  P.  E.  But,  allowing  for  decrease  of  M.  in  old  age 
and  approximation  of  the  reading  place  owing  to  reduced  visual  acuity,  the 
limit  degree  of  M.  in  middle  age  which  can  never  need  Cx.  lenses  for  reading 
in  extreme  old  age,  would  not  be  less  than  5  or  6  D.  Constant  Ac.  action 
tends  to  keep  that  function  active  and  delays  the  advent  of  Pres. ;  conse- 
quently the  constant  use  of  reading  glasses,  of  a  power  approaching  full 
correction,  serves  to  keep  the  myope  from  becoming  presbyopic  until  a  more 
advanced  age. 

M.  and  Aphakia. — If  the  crystalline  be  extracted,  the  refractive  power  of 
the  eye  is  decreased  by  the  power  of  the  lens  which,  in  situ,  is  some  16  D. 

A  previously  M.  eye  becomes  H.  unless  the  original  M.  was  so  great  that 
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the  axial  length  is  equal  to,  or  greater  than,  the  posterior  focal  lengtli  of  Ihe 
cornea,  i.e.  32  mm.,  which  corresponds  to  a  M.  of  about  22  D.  (see  Aphakia). 
Cure  of  very  high  degrees  of  M.  has  been  attempted  by  extracting  the  crystal- 
line. By  some  it  is  stated  that  results  liave  been  satisfactory  and  by  others 
the  reverse;  it  is  probable  that  a  sufficient  number  of  these  operations  have 
not  been  made  to  settle  the  question  of  their  desirability.  Surgeons  may 
prefer  the  evils  with  which  they  are  acquainted  to  those  which  may  arise 
from  the  operation,  and  certainly  there  seems  to  be  increased  liability  to 
retinal  detachment  after  extraction  of  the  lens. 

Divergent  Strabismus. — If  the  harmony  between  Ac.  and  Con.  be  broken 
the  M.  exerts  less  of  the  former  than  of  the  latter  and  can  obtain  clear  near 
vision  without  squinting,  but  should  harmony  be  maintained,  there  must 
be  either  clear  vision  of  one  eye  and  a  divergent  squint  or  indistinct  vision 
and  no  squint.  When  M.  is  the  cause  of  divergent  strabismus,  its  cure 
essentially  necessitates  the  use  of  Cc.  lenses  (vide  Strabismus). 


CHAPTER  VIII 
ASTIGMATISM 

Derivation. — a,  without ;  (my/xa,  a  point. 

Astigmatism  is  caused  by  unequal  regular  curvature,  or  irregular  curva- 
ture, of  one  or  more  of  the  refracting  surfaces.  It  may,  therefore,  be  regular 
or  irregular  but,  unless  otherwise  stated,  the  term  As.  with  respect  to  the  eye 
indicates  the  regular  form,  whether  in  this  chapter  or  generally.  Irregular 
As.  is  discussed  later. 

Regular  As.  may  result  from  unequal  curvature  of  the  cornea  or  crystalline , 
from  obliquity  of  the  latter  or  from  unequal  ciliary  action.  Corneal  may  be 
augmented  by  lenticular  As.,  or  the  latter  may  diminish  or  neutralize  the 
former.  Again,  the  principal  meridians  of  the  one  body  may  be  oblique  to 
those  of  the  other,  the  resultant  defect,  as  a  whole,  being  one  whose  principal 
meridians  differ  from  both  the  originals.  Whatever  its  cause,  rays  of  light 
diverging  from  a  point  cannot,  after  refraction,  be  again  united  in  a  point, 
but  pass  through  two  separated  focal  lines. 

The  shape  of  a  surface  possessing  regular  astigmatism  is  toroidal,  i.e. 
similar  to  the  shape  of  the  toric  surface  of  a  spectacle  lens.  A  familiar 
example  is  the  side  of  an  egg,  or  the  bowl  of  a  spoon,  but  it  is  probable  that 
an  astigmatic  surface  of  the  eye  is  not  so  regular  as  these  examples  in  the 
sense  that  the  increase  of  curvature  from  the  minimum  to  the  maximum 
meridians  is  not  uniform.  Notwithstanding,  however,  the  total  result  is 
the  same,  the  effect  being  to  produce  two  focal  lines  at  right  angles  to  each 
other. 

Meridians  are  planes  at  right  angles  to  that  of  the  equator,  which  mutually 
intersect  in  the  two  poles.  For  all  practical  purposes,  the  meridians  of  an 
eye  may  be  regarded  as  lines  crossing  each  other  at  the  vertex  of  the  cornea. 
Viewed  from  the  front,  they  are  imaginary  diameters  of  the  corneal  circle. 

Angle  Notation. — In  the  discussion  of  As.,  its  determination  and  correc- 
tion, standard  notation  is  utilized;  the  various  surfaces,  as  viewed  from  the 
front,  are  divided  in  a  manner  similar  to  that  of  the  circle  in  trigonometry. 
The  notation  in  degrees  commences  on  the  (observer's)  right-hand  extremity 
of  the  horizontal  line  and  passing  upwards  (anti-clockwise)  to  the  vertical, 
continues  downwards  to  the  horizontal  again;  thus  the  Ver.  corresponds  to 
90°  and  the  Hor.  to  0°  or  180°.  Only  the  upper  half  needs  to  be  notated, 
because  any  meridian  or  diameter  corresponds  to  two  continuous  radii. 
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Thus  5°  and  185°  indicate  the  same  meridian,  so  also  do  45°  and  225°,  90° 
and  270°,  etc.  The  notation  is  the  same  for  both  eyes,  so  that  0°  is  at  the 
nasal  side  of  the  (subject's)  right  eye,  and  at  the  temporal  side  of  the  left. 
If  the  notation  is  indicated  on  the  lower  halves  of  the  circles,  it  commences 
on  the  (observer's)  left,  i.e.  on  the  temporal  side  of  the  right  and  on  the 
nasal  side  of  the  left  eye,  and  proceeds  downwards.  Eight  and  left  of  the 
subject  and  of  the  observer  are  contrary  to  each  other  and  must,  therefore, 
not  be  confused. 

Illustration  of  As. — A  +  sph.  o  +cyl.  held  in  front  of  a  screen  illustrates 
As.  No  matter  wfiere  the  screen  may  be,  a  point  image  of  a  point  object 
cannot  be  formed  on  it,  the  focus  consisting  either  of  a  line,  an  ellipse  or  a 
circle  of  confusion.  As.  due  to  obliquity  is  illustrated  by  the  cylindrical  effect 
produced  by  tilting  a  +  sph.  lens  with  respect  to  the  incident  light;  the  nature 
of  the  foci  will  be  seen  to  be  practically  the  same  as  that  produced  by  a 
sph.-cyl. 


RIGHT 


LEFT 


Fig.,  51. 


As.  Congenital  or  Acquired.- — Corneal  and  static  lenticular  As.  may  be 
either  congenital  or  acquired  but  usually  the  former.  As.  caused  by  obliquity 
would  usually  be  congenital,  but  may  be  acquired  from  dislocation  of  the 
.Crys.     As.  due  to  unequal  ciliary  action — dynamic  lenticular— is  acquired. 

The  Condition  oJ  As. — As.  is  usually  corneal  but  even  if  due  to  the  static 
condition  of  the  Crys.  it  is  unnecessary  to  distinguish  between  the  two,  so 
that  no  special  reference  need  be  made  as  to  which  of  the  surfaces  is  the 
seat  of  the  defect.  As.  of  the  cornea,  but  not  of  the  crystalline,  can  be  de- 
tected by  the  ophthalmometer  or  similar  instrument.  The  normal  cornea 
and  crystalline  are  spherical  in  curvature,  so  that  light  diverging  from  a 
point  object  on  the  axis  is  brought  to  a  point  image,  the  rays  being  equally 
refracted  in  the  various  Mers.  through  which  they  pass.  If,  however,  the 
curvature  of  the  cornea  or  crystalline  should  vary  in  the  different  Mers.  the 
focus  of  a  point  source  of  light  consists  of  two  lines — called  the  focal  lines — 
through  which  passes  all  the  light,  from  that  point,  entering  the  eye.  It  is 
clear  that  As.  cannot  be  corrected  by  a  sph.  lens  since  this  possesses  equal 
power  in  all  its  Mers. ;  the  correcting  lens  must  have  a  cylindrical  element 
so  as  to  form  line  and  not  point  foci.     Regular  As.  cannot  exist  in  any  one 
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Mer. ;  it  is  a  condition  of  the  eye  as  a  whole,  and  the  degree  of  As.  is 
essentially  the  difference  between  the  refracting  power  of  the  greatest 
and  least  curvatures. 

Light  Refracted  by  an  As.  Eye. — The  conditions  are  precisely  the  same 
as  with  a  +  sph.-cyl.  lens.  Let  us  consider  the  back  of  the  eye  removed,  and 
let  the  Ver.  Mer.  be  that  of  greatest  refracting  power.  Light  from  a  point 
at  CO  on  the  principal  axis  is  converged  to  pass  through  a  Hor.  line  F^ 
(Fig.  52)  in  the  first  focal  plane.  From  F-^  the  rays  proceed  divergently  in 
the  Ver.  and  convergently  in  the  Hor.  plane,  to  meet  again  in  a  Ver.  line  Fo 
in  the  second  focal  plane.  The  distances  of  the  two  lines  behind  the  principal 
plane  vary  inversely  with  the  dioptric  powers  of  the  principal  Mers.  The 
interval  between  the  two  lines,  i.e.,  the  interval  of  Sturm,  depends  on  the 
difference  between  the  two  principal  refracting  powers,  that  is  on  the  amount 
of  As.;  the  interval  is  small  in  low  and ''great  in  high  As.  The  lengths  of 
the  two  lines  depend  on  their  distances  behind  the  refracting  plane  and  on 
the  effective  aperture  of  the  eye,  that  is  practically  on  the  size  of  the  pupil; 
if  this  is  of  pinhole  size  they  are  very  short.     Also  their  lengths  depend  on 


Fig.  52. 


the  interval  between  them,  so  that,  if  the  interval  is  small,  they  are  short 
and  approximate  more  to  points.  A  section  of  the  light  refracted  by  an  As. 
eye  is,  at  any  place,  an  ellipse  which  is  exaggerated  into  a  line  at  two  planes 
and  into  an  almost  complete  circular  disc  at  some  one  plane  situated  between 
the  two  focal  lines.  The  two  axes  of  such  an  ellipse  are  always  in  the  same 
meridians  as  the  focal  lines.  The  calculations  involved  in  determining  the 
position  and  size  of  the  lines  and  disc  will  be  found  in  another  chapter. 

Principal  Meridians. — Those  Mers.  of  an  As.  eye  possessing  the  highest 
and  lowest  degree  of  refracting  power  are  termed  the  principal  meridians. 
They  are  invariably  at  right  angles  to  each  other,  and  in  testing  and  correct- 
ing As.  these  only  need  be  considered.  The  focal  lines  correspond  to  the 
principal  Mers.,  each  of  the  lines  being  at  right  angles  to  the  Mer.  of  which 
it  is  the  focus.  Thus  if  the  principal  Mers.  are  Ver.  and  Hor.  the  image  of 
a  point  is  for  the  Ver.  Mer.  a  Hor.  line,  and  for  the  Hor.  Mer.  a  Ver.  line. 
Since  the  principal  Mers.  are  at  right  angles,  if  the  one  be  located  the  posi- 
tion of  the  other  is  also  known.  For  instance,  if  the  one  is  40°  the  other 
is  at  40  +  90=130°;  if  the  one  is  at  175°  the  other  is  at  175-90=85°  and 
80  on. 
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A  section  made  in  a  principal  meridian  of  an  astigmatic  surface  like  the 
cornea  would  be  spherical,  whereas  a  similar  section  oblique  to  the  principal 
meridians  would  be  elliptical.  It  may  be  said,  therefore,  that  an  astigmatic 
surface  consists  of  two  different  spherical  curvatures  mutually  at  right  angles, 
between  which  are  an  infinite  variety  of  elliptical  curves  ranging  from  the 
minimum  to  the  maximum  principal  meridians. 

The  Optical  Condition  of  As.  is  one  of  unequal  refraction.  Both  prin- 
cipal Mers.  may  be  H.,  or  both  may  be  M.,  to  different  degrees;  the  one 
may  be  Em.  and  the  other  H.  or  M. ;  finally,  the  one  may  be  H.  and  the 
other  M.  In  any  of  these  cases,  if  the  difference  between  the  two  principal 
Mers.  is,  say,  2  D.,  there  is  an  As.  of  2  D.  which  is  precisely  the  same  what- 
ever may  be  the  optical  condition  of  the  individual  principal  Mers.  or  of  the 
eye  as  a  whole.  An  As.  of  2  D.  is  corrected  by  a  2  D.  cyl.  which  may  be 
either  Cx.  or  Cc,  the  axis  of  the  +  lens  being  placed  to  coincide  with  the  Mer. 
of  greatest  power,  while  that  of  the  -  lens  would  need  to  coincide  with  the 
Mer.  of  least  power. 

If  the  principal  Mers.  of  the  cornea  have  radii  of,  say,  8  mm.  and  8-5  mm., 
or  of  8  mm.  and  7-5  mm.,  there  is  As.  present  and  it  is  obvious  that  this 
differential  refracting  power  may  be  present  with  a  normal,  excessive  or 
deficient  length  of  globe.  In  other  words,  an  optical  error  due  to  the  length " 
of  the  globe  is  quite  independent  of  any  astigmatism  that  may  exist  and 
vice  versa,  so  that  when  considering  astigmatism  in  the  abstract,  we  can  only 
speak  of  it  as  a  difference  in  power  and  not  as  a  positive  or  negative  defect 
as  is  M.  or  H. 

Classification. — In  an  eye  having,  say,  2  D.  greater  power  in  the  one 
meridian,  the  position  of  the  retina,  with  respect  to  the  focal  lines,  determines  the 
class  of  As.,  or  rather  the  name  given  to  it.     Thus  when  the  retina  (Fig.  52)  is 

beyond  F.^  there  is  compound  M.  As. 
'  at  Fo       ,,        simple  M.  As. 

within  F^  \ 
beyond  ^jj     ' 
at  F^       „        simple  H.  As. 

within  F^       „        compound  H.  As. 

In  the  following  F^  and  F»  are  the  1st  and  2nd  focal  lines  respectively 
and  Mj  and  71^2  the  corresponding  principal  meridians. 

Simple  H.  As. — Mj  is  Em.  and  F^  is  at  the  retina,  M^  is  H.  and  F^  is 

behind  the  retina;  a  +  cyl.  will  advance  i^g  ^^  ^^^  retina.     Thus  with  Em. 
at  90°  and  H.  2  D.  at  180°  the  correction  is  +2-0  C.  Ax.  90°. 

Compound  H.  As. — M^  is  H.  andi^^  is  behind  the  retina;  Mg  is  more  H. 
andi^2  s*i^^  farther  back;  a  +  cyl.  will  advance  i^'g  to  .Fj  and  a  +  sph.  will 
advance  the  united  image  to  the  retina.  Thus  if  there  is  H.  2  D.  at  90°  and 
H.  3  D.  at  180°  the  correction  is  +  2-0  S.  o  +  1-0  C.  Ax.  90°. 


mixed  As. 


ASTIGMATISM  141 

Simple  M.  As.~M^  is  myopic  and  i^^  is  in  front  of  the  retina,  M^  is  Em. 
and ^2  is  at  the  retina;  a  -  cyl.  will  carry  i^^  back  to  the  retina.  Thus  if 
there  is  Em.  at  180°  and  M.  2  D.  at  90°  the  correction  is  -2-0  C.  Ax.  180°. 

Compound  M.  As. — M^  is  myopic  and  F^  is  in  front  of  the  retina,  M^  is 
less  myopic  srndF^,  although  also  in  front,  is  nearer  to  the  retina;  a  -  cyl. 
will  carry  F^  back  to  F^  and  a  -  sph.  will  carry  the  united  image  to  the 
retina.  Thus  if  there  is  M.  2  D.  at  180°  and  M.  3  D.  at  90°,  the  correction 
is  ^2-0  S.  o  -1-0  C.  Ax.  180°. 

Mixed  As.—Mj^  is  myopic  and  F^  is  in  front  of  the  retina,  M^  is  H.  and 
F^  is  behind  the  retina;  a  -  cyl.  will  carry  ^^  back  to  the  retina  and  a  + 
cyl.  will  advancers  ^o  the  retina.  Thus  if  there  is  M.  2  D.  at  90°  and  H.  3  D. 
at  180°,  the  correction  is  -2-0  C.  Ax.  180°o  +  3-0  C.  Ax.  90°.  In  practice, 
of  course,  the  latter  combination  would  be  in  the  form  of  a  sph. -cyl. 

Variations  in  the  Class  of  As.— Compound  H.  As.  may  become,  as  the  eye 
grows  in  length,  simple  H.  As.,  then  successively  mixed  As.,  simple  M.  As. 
and,  finally,  compound  M.  As.  Again,  any  of  the  latter  may  become  com- 
pound H.  As.  owing  to  acquired  H.  in  old  age.  Generally,  the  class  of  As. 
may  vary,  if  the  total  error  is  not  high,  as  Ac.  is  more  or  less  exerted  and  this 
not  only  in  the  course  of  years,  but  from  day  to  day  or  moment  to  moment. 
Suppose  a  case  corrected  by  --25  S.o  —50  C.  Ax.  180°;  here  is  apparently 
compound  M.  As.  If  Ac.  relaxes  -25  D.  it  becomes  simple  M.  As.  and  if, 
with  further  relaxation,  successively  -t--25  D.,  +-50  D.  and  -t--75  D.  sphs. 
are  accepted,  the  class  oi  As.  would  be  designated  respectively  mixed,  simple 
H.,  and  compound  H.  As,  -  Whatever  the  class,  the  As.  is  -5  D. 

Static  Lenticular  As.  is  th/name  given  to  that  caused  by  unequal 
curvature  of  the  crystalline  at  rest.  Since,  however,  the  relative  index  of 
refraction  of  the  crystalline  is  small,  the  difierential  curvature  would  need 
to  be  considerable  to  result  in  As.  of  a  measurable  quantity. 

Dynamic  Lenticular  As.,  as  to  the  existence  of  which  opinion  is  divided, 
is  As.  of  the  Crys.  caused  by  unequal  ciliary  action;  it  is  also  termed  sectional 
or  astigmatic  accommodation. 

Suppose  an  eye  to  be  H.  1  D.  in  the  Ver.,  and  H.  2  D.  in  the  Hor.  Mer. 
If  no  Ac.  is  exerted,  both  focal  lines  are  beyond  the  retina;  if  1  D.  or  2  D. 
Ac.  is  exerted,  the  one  focal  line  is  at  the  retina  and  the  other,  respectively, 
behind  or  in  front.  With  Ac.  between  1  and  2  D.  the  retina  lies  nearly 
in  the  circle  of  least  confusion,  about  midway  between  the  focal  lines.  Those 
who  deny  the  existence  of  sectional  Ac.  suppose  the  eye  to  be  adapted  for 
this  position,  because  it  is  frequently  the  case  that,  in  low  compound  H.  As., 
no  difierence  in  the  lines  of  the  radiating  fan  is  noticeable. 

There  seems,  however,  to  be  ample  proof  of  the  existence  of  sectional  Ac. 
Eor  instance  a  Cc.  cyl.  of  the  correct  strength  cures  asthenopia,  caused  by 
As.,  yet  with  the  lens,  more  general  Ac.  is  used  than  without  it.  Without 
a  sph.  lens  the  manifest  As.  is  frequently  lower  than  that  shown  when  the 
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eye  is  fogged  and  although  in  early  life  there  may  apparently  be  no  As.  yet 
this  becomes  manifest  later  on,  or  the  original  amount  is  increased.  Some 
old  people  whose  V.  is  improved  by  cyls.  for  distance  actually  see  better 
without  them  for  reading;  here  the  defect  is  manifest  for  distance  because 
the  Ac.  is  dormant,  but  when  the  latter  is  exerted  for  reading  it  automatically 
corrects  the  error;  also  the  use  of  atropine  frequently  unmasks  As.  which, 
without  it,  is  latent.  In  simple  H.  As.,  astigmatic  Ac,  and  in  compound 
H.  As.,  astigmatic  together  with  general  Ac.  may  render  V.  normal  for  all 
distances.  In  low  mixed  As.  it  renders  the  eye  M.  by  bringing  the  back 
focal  line  up  to  the  front,  and  the  same  occurs  in  simple  M.  As.;  while  in 
compound  M.  As.  it  causes  general  M.  of  a  higher  degree.  In  the  myopic 
cases  distant  V.  is  not  improved  by  sectional  Ac,  its  only  effect  being  to 
make  near  work  possible  or  easier  and,  therefore,  no  doubt  it  usually  occurs 
only  in  near  V. 

Myopes  with  As.  who  select  lenses  for  themselves  generally  choose,  if  they 
have  good  Ac,  sphericals  which  represent  the  higher  degree  of  M.  or  even 
still  stronger  ones.  These  lenses  produce  H.  which  again  is  corrected  by 
Ac.  exerted  more  in  the  one  principal  Mer.  than  in  the  other.  The  same 
may  result  if  the  eye  be  tested  on  the  principle  that  the  weakest  -  sph. 
wJiich  gives  best  visio?i  is  the  measure  of  the  M. ;  such  a  lens  usually  over- 
corrects  the  error  common  to  both  principal  Mers.  Of  course,  sectional  accom- 
modation can  only  neutralize  or  mask  a  low  degree  of  As. ;  in  the  high  defects 
it  is  not  exerted  and  the  astigmat  resigns  himself  to  deficient  distant  vision 
and  manages  to  read  by  bringing  print  close  to  the  eyes  so  that  a  large  retinal 
image  is  obtained.  The  limitation  to  astigmatic  Ac.  is  the  more  marked, 
owing  to  the  large  change  of  curvature  required  to  produce  a  given  dioptric 
effect. 

As.  With  and  Against  the  Rule.— Normally  the  cornea,  which  is  the  chief 
refracting  body  of  the  eye  and  the  chief  seat  of  As.,  has  a  greater  Ver.  than 
Hor.  curvature.  Therefore  As.  is  with  the  ride  when  the  refracting  power 
of  the  eye  is  greater  vertically  than  horizontally  and  it  is  against  the  rule 
when  the  contrary  occurs.  In  As.  with  the  rule  the  axis  of  the  correcting 
+  cyl.  is  Ver.  or  nearly  so;  that  of  a  —  cyl.  is  Hor.  or  nearly  so.  In  As. 
against  the  rule  the  axis  of  a  +  cyl.  is  approximately  Hor.;  that  of  a  -  cyl. 
is  approximately  Ver.  Some  include  in  As.  with  the  rule  all  cases  where  the 
meridian  of  greatest  power  is  within  40°  on  either  side  of  the  vertical,  and 
in  As.  against  the  rule  those  cases  where  it  is  within  40°  on  either  side  of  the 
horizontal.  When  As.  is  chiefly  due  to  the  crystalHne,  it  is  more  likely  to 
be  against  the  rule. 

Normal  As. — Every  cornea  is  said  to  be  As.  but  sometimes  to  so  small  an 
extent  as  not  to  call  for  correction.  Such  As.  is  regarded  as  normal  and  does 
not  exceed  -25  D. ;  the  same  applies  to  the  Crys.  Normal  As.  of  the  cornea 
with  the  rule  may  be  neutralized  by  normal  As.  of  the  Crys.  against  the  rule, 
but  resultant  As.  of  the  eye  less  than  -25  D.  is  regarded  as  normal. 
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Acquired  As.  may  result  from  a  wound  or  operation  involving  the  cornea. 
In  an  operation  for  cataract  a  section  of  the  upper  portion  of  the  cornea 
is  made  and  when  the  latter  re-unites  the  vertical  curvature  is  lessened; 
the  resultant  As.  is  against  the  rule.  Acquired  As.  may  increase,  decrease  or 
neutralize  original  corneal  As.  and  extraction  of  the  Crys.  removes  the  in- 
fluence of  the  latter — static  or  dynamic — on  the  general  As.  of  the  eye. 

Symmetrical  and  Asymmetrical  As. — In  accordance  with  the  general  law 
of  symmetry  of  the  body,  the  principal  Mers.  in  As.  are  similarly  inclined 
towards  the  median  line.  Thus  the  meridian  of  greatest  or  least  refraction 
are,  as  a  rule,  both  Hor.  or  Ver.  or  both  equally  inclined  outwards  or  in- 
wards. Thus  in  symmetrical  As.  the  axes  of  the  two  cyls.  are  similarly  sym- 
metrical and  it  is  very  rare  to  find  a  case  where  the  two  cyls.,  when  of  the 
same  sign,  are  required  asymmetrical,  i.e.,  more  or  less  parallel.  The  fore- 
going, of  course,  applies  to  the  general  inclination  and  does  not  mean  exact 
symmetry.  The  few  exceptions  to  the  above  occur  principally  in  high  aniso- 
metropia, and  are  usually  accompanied  by  considerable  general  asymmetry 
of  the  face. 

Nomenclature.— It  is  usual  to  refer  to  As.  according  to  the  direction  of 
the  axis  of  the  correcting  cyl.  or  to  the  angular  position  of  the  Mer.  which 
departs  least  from  the  normal.  Thus  if  a  cyl.  is  needed  with  its  axis  Ver., 
Hor.,  or  oblique,  the  As.  is  referred  to  as  Ver.  Hor.,  or  obHque,  respectively. 
These  correspond  to  the  direction  of  the  bar  of  the  As.  chart  which  theoreti- 
cally is  seen  most  blurred.  Thus  vertical  As.  means  that  corrected  by  a 
cyl.  axis  90°  or  thereabouts. 

Variations  in  the  Degree. — Congenital  As.  of  the  cornea  is  presumed  to 
be  constant,  but  as  it  is  often  found  to  have  changed,  or  apparently  so, 
within  a  comparatively  short  time,  there  is  some  doubt  as  to  its  fixity. 
Corneal  As.  caused  by  operations  is  usually  at  first  rather  high,  but  rapidly 
diminishes  and  may  even  totally  disappear.  Variations  may  also  occur  in 
the  As.  of  the  Crys.,  but,  quite  apart  from  physiological  reasons,  apparent 
changes  in  the  As.  of  the  eye  as  a  whole  may  arise  from  various  optical 
som'ces,  as  follows : 

There  is  the  change  due  to  efiectivity  as  the  cyl.  is  placed  in  advance  of 
the  cornea  and  as  it  is  Cx.  or  Cc;  this  then  causes  the  subjective  measure 
of  As.  to  difier  from  the  ophthalmometric,  so  that,  say,  4  D.  corneal  As.  is 
corrected  by  a  —4-25  D.  cyl.  or  a  h-3-75  D.  cyl. 

There  is  the  change  of  the  astigmatic  value  of  any  cyl.,  as  this  is  combined 
with  a  sph.,  or  with  some  other  sph.,  power  as  the  case  may  be.  Thus  a 
degree  of  astigmatism  measured  in  the  eye  or  on  the  cornea,  as  by  the  kera- 
tometer,  is  different  from  the  power  of  the  cylindrical  which  will  correct  it 
when  the  latter  is  combined  with  a  spherical.  For  instance  if  there  is  found 
4  D.  actual  corneal  As.  there  would  be  required,  if  the  one  Mer.  of  the  eye 
is  Em.,  a  cyl.  lens  of  focal  power  4-3-75  D.  or  —4-25  D.  Suppose,  however, 
as  in  aphakia  the  one  Mer.  is  H.  12  D.  and  the  other  H.  16  D.  the  focal 
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lengths  of  the  lens  would  need  be  approximately  85  +  15=100  mm.  and 
62-5  + 15=77-5  mm.,  or  powers  of  + 10  D.  and  + 13  D. ;  that  is,  + 10  D.  sph. 
O  +  3  D.  cyl.  In  M.  14  D.  and  18  D.  the  lens  would  need  be  about  -18  D. 
and  -25  D.— that  is,  -18  D.  sph.  o-7  D.  cyl. 

A  similar  effect  results  when  testing.  Suppose  an  eye  be  fogged  with  a 
+  sph.  lens  and  the  As.  corrected  by  a  —  cyl.  so  far  as  the  appearance  of 
the  chart  lines  is  concerned.  When  the  +  sph.  is  reduced  in  power  to  obtain 
the  highest  V.  A.  the  slight  change  in  the  efiectivities  may  cause  the  two 
sets  of  bars  to  be  no  longer  equally  clear  when  so  delicate  a  test  as  the  Orthops 
diamond  is  employed.  Some  slight  changes  in  the  power  of  the  required 
cyl.  occurs  even  as  Ac.  is  exerted  or  relaxed  in  distant  vision.  Also  the  cyl. 
alters  as  the  needed  sph.  changes  with  age. 


O  -^cb  o    0 


Fig.  53. 


The  chief  changes,  however,  result  from  nearness  of  the  object  viewed, 
i.e.  when  the  cyl.  selected  for  distance  is  employed  in  near  vision,  for  then 
the  divergence  of  the  light  causes  variations  in  the  effectivity  not  only  of  the 
cyl.,  but  also  of  the  sph.  with  which  it  is  combined.  With  very  strong 
cyls.  this  may  sometimes  need  attention  and  the  subject  is  considered  in 
Chapter  XVII. 

The  subjective  measurement  may  differ  from  the  ophthalmometric  tests 
of  corneal  As.  on  account  of  the  influence  of  the  crystalline,  but  there  seem 
to  be  no  reliable  statistics  on  which  can  be  based  any  rule  for  judging  the 
usual  nature  of  lenticular  astigmatism.  It  has  been  fairly  definitely  proved, 
however,  that  the  latter  is  rarely  so  high  as  to  modify,  to  any  great  extent, 
the  corneal  As.,  and  the  principal  meridians,  as  found  by  the  ophthalmometer, 
rarely  differ  from  those  found  subjectively. 

Vision  of  a  Point  and  of  a  Line. — Suppose  that,  in  an  eye,  the  first  focal 
line  is  Hor.  and  the  second  Ver.  and  a  single  luminous  point  be  viewed.  Then 
the  shape  of  the  image  depends  on  the  position  of  the  retina  in  the  refracted 
astigmatic  pencil  (Fig.  53),  as  follows: 
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Position 

of  Retina. 

Glass  of  As. 

Retinal  Image. 

At  M 

Compound  M.  As. 

A  Ver.  ellipse 

AtF^ 

Simple  M.  As. 

A  Ver.  line 

AtEo 

Mixed  As. 

A  Ver.  ellipse 

Ate 

Mixed  As. 

A  circle 

AtE, 

Mixed  As. 

A  Hor.  ellipse 

Ati^i 

Simple  H.  As. 

A  Hor.  line 

Ati^ 

Compound  H.  As. 

A  Hor.  ellipse 

If  the  retina  is  in  the  second  focal  plane,  a  Ver.  line  object  is  seen  sharp 
although  slightly  extended,  but  a  Hor.  line  would  be  seen  blurred;  for  a 
Hor.  line  to  be  seen  clearly  the  retina  would  need  be  in  the  first  focal  plane. 
When  the  retina  is  between  the  focal  planes,  both  Ver.  and  Hor.  lines  would 
be  blurred,  the  Ver.  line  being  expanded  horizontally  and  the  Hor.  line 
expanded  vertically.  Oblique  lines  would  be  seen  confused  for  any  position 
of  the  retina  of  such  an  eye.  If  the  same  eye  views  a  square  object,  the  top 
and  bottom  edges  would  be  seen  sharply  while  the  sides  would  be  blurred 
when  the  retina  is  at  7^,,  and  the  reverse  occurs  when  it  is  a.tF^.  When  the 
retina  is  between  Fy  and  F^  both  edges  are  blurred  more  or  less,  and  if  the 
square  were  rotated  so  that  the  four  edges  are  oblique  to  the  principal  Mers. 
of  the  eye,  they  would  be  seen  blurred  no  matter  where  the  retina  may  be. 

Therefore,  in  an  As.  eye,  the  perception  of  a  line  is  good  if  the  direction  of 
that  line  and  of  its  image  corresponds  to  the  direction  of  the  focal  line  ivhich  is 
at  the  retina,  and  it  is  fairly  well  seen  if  it  corresponds  to  the  long  axis  of  an 
ellipse  at  the  retina.  The  perception  of  a  line  is  correspondingly  bad  if  its 
direction  is  at  right  angles  to  the  retinal  line  or  ellipse. 


Fig.  54. 


Fig.  55. 


Fig.  56. 


Perception  of  Radiating  Lines. — The  last  article  explains  why  As.  is 
determined  if  one  sees  some  of  the  bars  of  a  radiating  fan  more  clearly  than 
others  ;  the  bar  most  clearly  seen  and  the  one  that  is  most  blurred,  correspond 
to  the  principal  Mers.  of  the  eye.  • 

Suppose  the  two  principal  Mers.  to  be  Hor.  and  Ver.  and  the  object  viewed 
be  an  upright  cross.  The  light  diverging  from  any  point  on  either  of  the 
limbs  enters  the  eye  in  every  Mer.  as  a  diverging  cone,  and  there  is  no  differ- 
ence in  the  refraction  whicH  the  light  undergoes  wherever  the  object  point 
be  situated.  The  image  of  any  point  of  the  cross  consists  of  two  focal  lines 
with  the  accompanying  discs  of  confusion  as  in  Fig.  53. 
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If  the  retina  is  situated  at,  or  near  to,  tlie  Her.  focal  line,  the  confusion 
discs  at  the  retina  correspond  iu  direction  to  the  horizontal  limb  of  the  retinal 
image  itself  so  that  the  edges  of  the  Hor.  portion  of  the  cross  are  seen  sharp 
and  clear.  On  the  other  hand  the  Hor.  confusion  lines  are  at  right  angles  to 
the  Ver.  limb  of  the  retinal  image,  thus  causing  the  edges  of  the  Ver.  portion 
of  the  cross  to  be  seen  blurred  as  shown  in  Fig.  54.  If  the  retina  were  situ- 
ated at,  or  near  to,  the  Ver.  focal  line,  the  Ver.  part  of  the  object  would 
be  more  clearly  seen  as  in  Fig.  55.  If  the  As.  is  oblique,  both  limbs  of  the 
cross  are  blurred  (Fig.  56)  wherever  the  retina  may  be.  The  sketches  illus- 
trate the  conditions  when  the  retina  is  at  the  focal  lines.  More  often  the 
image  of  every  point  of  the  object  is  an  ellipse,  but  the  same  arguments  apply 
as  to  why  the  one  line  is  seen  clearer  than  the  other. 

The  Astigmatic  Chart  and  Eye. — Let  the  As.  chart  be  presumed  to  con- 
sist of  only  two  lines  or  sets  of  lines,  at  right  angles  to  each  other,  as  on  the 
diamond-shaped  dial  of  the  Orthops  chart.  When  these  correspond  to 
the  direction  of  the  focal  lines  of  the  eye,  the  one  is  seen  clearly  and  the 
other  blurred.  In  theory  there  is  only  one  position  of  best  vision  for  a  chart 
line,  but  in  practice  there  may  be  some  doubt,  if  the  As.  be  low,  between  two 
positions  5°  or  10°  apart.  As  an  illustration  let  an  eye  have  simple  M.  As. 
of  2  D.,  the  myopic  Mer.  at  45°  and  the  Em.  at  135°.  When  the  chart  lines 
are  Ver.  and  Hor.  they  are  both  equally  blurred;  if  now  they  be  slowly  re- 
volved one  lot  becomes  more  and  the  other  less  clear,  and  when  the  radial 
lines  are  inclined  at  45°  they  are  seen  distinctly,  while  the  tangential  lines 
are  very  blurred.  This  occurs  because,  in  the  eye,  the  focal  line  at  135° 
is  situated  in  front  of  the  retina  while  that  at  45°  is  at  the  retina.  The 
correcting  cyl.  carries  the  front  focal  line  back  to  the  other,  so  that,  by  their 
junction,  point  foci  are  formed  at  the  retina;  it  is,  in  this  case,  —2D.  C.  Ax. 
135°,  the  concave  power  being  in  Mer.  45°. 

On  the  Orthops  chart  the  notation  of  the  radiating  fan  and  of  the  circle 
enclosing  the  revolving  dial  is  laterally  reversed,  because  the  chart  faces  the 
eye ;  it  is  further  reversed  through  90°  so  that  the  indicated  direction  of  the 
lines,  most  clearly  seen,  gives  the  numerical  position  of  the  axis  of  the  cor- 
recting cyl.  in  a  frame  graduated  to  standard  angle  notation.  Thus  no 
calculations  whatever  are  needed  when  once  the  clearest  position  for  the 
radial  lines  is  determined.     The  points  to  be  especially  noted  are : 

(a)  The  clearest  and  most  blurred  lines  of  the  chart  correspond  to  the 
focal  lines  of  the  eye. 

(6)  The  focal  lines  of  the  eye  are  at  right  angles  to  the  Mers.  of  which 
they  are  respectively  the  foci. 

(c)  The  clear  chart  lines  correspond  in  direction  to  the  Am.  (or  most 
Am.)  Mer.  of  the  eye;  consequently  the  power  of  the  cyl.  is  needed  in 
this  Mer. 

{d)  The  blurred  chart  lines  correspond  to  the  Em.  (or  least  Am.)  Mer.  of 
the  eye.  Therefore  the  axis  of  the  correcting  cyl.  must  he  placed  in  a  direction 
corresponding  to  these  hlvrred  lines. 
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Thus  for  an  eye  corrected  by  —2D.  C.  Ax.  180° — 

The  Ver.  Mer.  is  M.  and  the  Hor.  is  Em. 

The  Hor.  focal  line  is  in  front  of  the  retina;  the  Ver.  line  is  at  the  retina. 

The  Ver.  chart  lines  are  seen  clearly;  the  Hor.  are  blurred. 

The  Ver.  Mer.  of  the  eye  requires  Cc.  power;  the  Hor.  requires  no  power; 
that  is,  the  cyl.  is  axis  Hor.,  and,  with  the  cyl.,  both  sets  of  lines  are  seen 
with  equal  clearness. 

The  direction  of  the  principal  Mers.  and,  therefore,  that  of  the  axis  of  the 
correcting  cyl.  is  roughly  determined  by  the  radiating  fan  and  definitely 
determined  by  a  slight  revolution  of  the  diamond.  It  should  be 
quite  unnecessary,  in  ordinary  cases  of  As.,  to  rotate  the  cyl.  in  the 
trial  frame. 

Vision  in  As. — It  is  characteristic  of  uncorrected  As.  that  some  letters 
may  be  misnamed  in  several  lines  of  the  chart,  so  that  it  is  difficult  to  define 
V.  by  a  Snellen  fraction.  In  low  degrees  of  H.  As.  unaided  V.  is  good  and 
frequently  quite  normal,  and  corrected  V.  is  very  good.  In  high  degrees 
V.  is  subnormal  and  may  remain  so  when  corrected  although,  as  in  absolute 
H.,  the  use  of  corrective  lenses  improves  it.  In  M.  As.  unaided  V.  must  be 
subnormal,  but  not  to  so  great  an  extent  as  in  M.  of  similar  dioptral  degree ; 
corrected  V.  is  very  good. 

In  ordinary  degrees  of  Compound  H.  As.  or  M.  As.  lenses  should  produce 
perfectly  normal  V.,  but  the  influence  of  H.  or  M.  on  vision,  before  and  after 
correction,  is  the  same  as  when  these  defects  are  not  associated  with  As. 
In  mixed  As.  unaided  V.  is  bad  and  if  of  high  degree  corrected  V.  fre- 
quently remains  subnormal.  V.  =  6/6  is  possible  with  uncorrected  low 
As.  even  if  it  is  not  masked  by  Ac,  but  when  corrected  it  should  be  better 
than  6/6. 

When  the  principal  Mers.  are  Hor.  and  Ver.,  astigmatism  does  not  cause 
real  distortion,  the  images  being  merely  more  blurred  in  the  one  direction 
than  in  the  other.  Oblique  As.  causes  distortion,  but  the  mind  ignores  it 
and  projects  the  images  as  if  true;  the  astigmat  does  not  conceive  the  up- 
right sides  of  a  house  to  be  inclined  obliquely,  as  they  appear  when  viewed 
through  an  oblique  cyl.,  that  is,  when  artificial  oblique  As.  is  produced.  On 
the  contrary,  when  oblique  As.  is  first  corrected  complaints  may  be  made 
of  distortion  in  the  sense  that  straight  lines  look  oblique.  It  is  rather  curious 
how  an  astigmat  becomes  accustomed  to  vision  as  it  is  to  him;  for  instance, 
in  Hor.  As.  it  is  quite  natural  that  Hor.  lines  should  be  less  clear  than  Ver. 
ones,  and  it  may  cause  surprise  when  it  is  learnt  that  there  should  be  no 
difference  in,  say,  the  various  lines  of  a  mesh.  The  disadvantages  from 
which  astigmatic  weavers,  and  similar  workers,  suffer  are  considerable. 

Vision  is  generally  more  reduced  when  the  principal  Mers.  are  oblique 
than  when  they  are  Ver.  and  Hor.  because  the  outlines  of  most  objects, 
including  test  types,  are  Ver.  and  Hor.  Again,  Ver.  is  worse  for  reading 
than  Hor.  As.,  the  perception  of  reading  type  seeming  to  depend  mainly  on 
the  upright  limbs. 


148  VISUAL  OPTICS  AND  SIGHT  TESTING 

Symptoms  and  Effects  of  As. — As.  causes  reducpd  V.  which  is  more  marked 
in  M.  As.  than  in  H.  As.  and,  of  course,  as  the  defect  is  high,  it  causes 
also  asthenopia,  which  even  if  ignored  in  youth  shows  itself  later  in  life, 
say  between  20  and  30.  Asthenopia  is  more  common  in  low  than  in  high 
As.  and  it  is  the  more  probable  as  vision  is  acute.  Very  severe  asthenopia 
may  result  from  a  very  low  As.  and  the  effect  of  low-power  cyls.  in  curing 
it  is  often  quite  remarkable;  nevertheless  some  cases,  especially  if  myopic, 
whether  lenses  be  used  for  distance  or  not,  may  never  occasion  asthenopia. 

Asthenopia  in  high  As.  is  caused  by  high  demand  on  Ac.  and  Con.,  owing 
to  the  short  distance  at  which  near  work  is  held,  and  in  low  As.  by  constant 
unequal  AQ  (dynamic  lenticular)  or  by  constant  change  of  action  as  the 
eye  tries  to  adjust  itself  alternately  for  the  one  or  other  focal  line.  Possibly 
this  latter  results  in  clonic  spasm  of  Ac.  and  its  accompanying  asthenopia. 
As.  may  be  accompanied  by  frontal  headaches,  pain  in  the  eyes,  redness, 
etc.,  the  symptoms  being  very  similar  to  those  caused  by  H. 

In  oblique  As.  the  head  may  be  inclined  towards  one  shoulder;  this  is 
more  general  in  near  vision  or  when  an  endeavour  is  made  to  see  clearly 
distant  objects,  as  types  during  a  test.  During  a  test  the  types  on  the  chart 
may  be  seen  doubled  as  if  each  one  were  casting  a  shadow. 

In  high  As.  there  is  the  common  habit  of  partially  closing  the  lids  which, 
acting  like  a  stenopaeic,  enables  Ac.  to  be  exerted  to  an  extent  suitable  for 
the  Hor.  Mer.  An  astigmat  using  sph.  power  only,  or  an  insufficiently  strong 
cyl.,  may  look  through  his  glasses  obliquely,  thus  obtaining  a  cylindrical, 
or  stronger  cylindrical,  effect,  as  the  case  may  be.  Increased  effect  in  the 
Hor.  plane  is  obtained  by  looking  sideways;  in  the  Ver.  plane  by  inclining 
the  head  or  tilting  the  lenses— especially  if  these  are  mounted  in  pince-nez. 
Uncorrected  As.  is  a  great,  if  not  the  chief,  factor  in  causing  and  increasing 
M.  and  causing  spasm  of  Ac. 

The  Determination  of  As.— As.  is  practically  determined  when,  on  a 
certain  line  of  the  test  types,  some  letters  can  be  correctly  named  and  others 
not,  and  is  definitely  determined  if  some  of  the  bars  of  the  As.  fan  are  seen 
more  clearly  than  others.  The  subject  is  asked  which  of  the  bars  on  the 
radiating  fan  seem  blackest,  or  most  distinct;  if  astigmatic,  he  sees  best 
those  in  the  middle,  or  those  at  the  sides,  or  a  group  to  the  right  or  to  the 
left  as  the  case  may  be.  This  indicates  roughly  the  direction  of  the  one 
principal  Mer.  . 

The  principal  Mers.  are  obtained  more  precisely  by  the  revolving  dial 
of  the  Orthops  chart;  the  pointer  of  the  radial  lines  is  turned  to  that  Mer. 
indicated  by  the  central  bar  of  the  group  best  seen  on  the  fan.  The  pointer 
is  then  revolved  a  few  degrees  to  the  right  and  left  of  the  primary  position 
so  that  the  subject  may  select  that  position  at  which  he  sees  most  clearly 
the  group  of  radial  bars  of  the  diamond.  This  he  is  able  to  do,  in  the  large 
majority  of  cases,  so  that  the  principal  Mers.  can  be  determined  within  5° — 
or  even  less  if  necessary. 
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If,  for  instance,  the  group  of  lines  on  the  fan  round  about  45°  are  seen 
most  clearly,  the  pointer  of  the  radial  lines  of  the  dial  is  turned  to  45°;  the 
latter  are  seen  clearly  while  the  tangential  lines  are  blurred,  indistinct  and 
greyish.  The  diamond  is  revolved  to  40°  and  35°,  and  then  to  50°  and  55°, 
the  subject  selecting  that  position  where  the  definition  of  the  alternate  white 
and  black  radial  lines  is  most  acute.  This  being  selected,  the  two  principal 
meridians  of  the  eye  are  determined.  The  number  indicated  on  the  chart 
by  the  central  radial  line  is  the  position,  in  the  trial  frame,  of  the  axis  of  the 
correcting  cyl.,  whether  this  be  Cx.  or  Cc. 

When  Ac.  is  active,  determination  of  As.  is  difficult  until  the  eye  has 
been  made,  by  means  of  a  Cx.  sph.,  slightly  myopic,  i.e., /o^^e(^  ;  when  there 
is  absolute  H.  this  must  be  partially  corrected  or,  better,  over-corrected, 
before  As.  can  be  determined  especially  if  the  latter  is  low;  where  there  is 
M.  it  must  be  corrected  to  about  2  D.,  or  more,  depending  on  the  amount 
of  As.,  before  the  latter  can  be  determined.  In  mixed  As.  when  the  one 
defect  is  high  compared  with  the  other,  As.  is  easily  determined,  but  if  the 
two  elements  are  about  equal  its  determination  is  difficult  until,  by  employing 
a  Cx.  or  Cc.  sph.,  some  of  the  fan  lines  become  fairly  distinct. 

Where  V.  is  good  the  difficulty  in  determining  As.  lies  in  the  fact  that, 
by  accommodative  action,  the  two  focal  lines  have  been  united  at  or  near 
to  the  retina ;  the  remedy  is  to  carry  them  forward,  by  a  Cx.  sjjh.  lens,  when 
they  separate  and  the  one  lies  nearer  to  the  retina  than  the  other.  Where 
V.  is  bad,  the  difficulty  lies  in  the  fact  that  both  focal  lines  are  so  far  distant 
from  the  retina  that  nothing  can  be  clearly  seen.  The  remedy  consists  in 
carrying  one  of  the  lines  to,  or  near  to,  the  retina  by  means  of  a  sph. 

It  is  sufficiently  accurate  to  determine  the  principal  Mers.  to  5°.  A 
cyl.  may  be  needed  with  its  axis  at,  say,  40°  or  45°,  but  a  position  such 
as  43°  can  hardly  be  called  for,  so  that  fractions  of  "5°  may  be  safely 
ignored. 

The  Measure  o£  As. — Manifest  As.  is  measured  by  the  strongest  +  or 
weakest  —  cyl.  that  makes  the  radial  and  tangential  lines  of  the  diamond 
equally  distinct  at  the  same  time.  If  there  is  difficulty  in  finding  the  measure 
of  the  As.  it  is  generally  because  the  eye  is  not  fogged  sufficiently.  Com- 
pletely masked  As.  can  be  measured  only  when  cycloplegia  is  employed. 
It  frequently  occurs  that  no  cyl.  produces  equality  of  the  radial  and  tan- 
gential groups  of  lines  because  while  one  cyl.  is  not  quite  strong  enough,  the 
next  stronger  one  is  too  powerful.  In  this  case  it  is  better  to  give  the  weaker 
cyl.  rather  than  to  over-correct.  Nor  is  a  division  of  the  diopter  into  frac- 
tions smaller  than  1/4  D.  necessary.  The  As.  may  be  reckoned  to  be  either, 
say,  -5  or  -75  D.  but  not,  in  reason,  -62  D.  As.  lower  than  -25  D.  may  generally 
be  ignored. 

Any  case  of  As.  may  be  corrected,  the  principal  meridians  being  equalized, 
by  either  a  Cx.  or  a  Cc.  cyl.;  the  strongest  +  cyl.  combined  with  a  certain 
Cx.  sph.  would  be  the  same  power  as  the  weakest  Cc.  cyl.  combined  with 
some  other  stronger  Cx.  sph. 
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If  the  one  focal  line  lies  behind  the  retina,  it  can  be  carried  forward  to 
the  retina  by  a  Cx.  cyl.  or  partly  by  this  and  partly  by  Ac,  but  if  the  cyl. 
is  too  strong  it  is  carried  in  front  of  the  retina  so  that  the  strongest  that 
equalizes  the  chart  is  the  required  lens.  If  the  one  focal  line  is  in  front  of 
the  retina,  it  is  carried  backward  by  a  Cc.  cyl.,  but  one  that  is  too  strong 
tends  to  carry  it  behind  the  retina  unless  Ac.  is  exerted  to  prevent  it,  so  that 
the  weakest  that  equalizes  is  the  required  cyl.  If  V.  is  good  a  Cc.  cyl.  too 
iveah  or  a  Cx.  too  strong  cannot  well  be  selected  when  the  As.  bars  are  equalized, 
but  a  Cc.  too  strong  or  a  Cx.  too  weak  may  be.  In  this  connection  cylindrical 
lenses  do  not  differ  from  sphericals. 

The  Theory  of  Correcting  As. — The  theory  of  correcting  any  case  of  As. 
is  to  cause  the  eye  to  have  simple  M.  As.  so  that  the  one  focal  line  is  at  the 
retina  and  the  other  is  in  front  of  it.  Since,  however,  it  is  difficult  to  be 
certain  that  the  back  focal  line  is  at  the  retina  without  Ac.  being  exerted 
(apart  from  any  latent  H.),  it  is  better  in  practice  to  convert  the  case  into 
one  of  compound  M.  As.  in  which  the  general  M.  is  of  low  degree.  Then  we 
have  the  one  focal  line  just  in  front  of  the  retina,  the  other  at  a  greater  distance 
in  front. 

This  is  done  in  H.  cases  (simple  or  compound)  by  fogging  with  an  over- 
correcting  Cx.  spherical  lens,  strong  enough  to  place  both  focal  lines  in  front 
of  the  retina;  in  simple  M.  As.  by  a  very  weak  Cx.  sph.  and  in  compound 
M.  As.  by  a  Cc.  sph.  which  under-corrects  the  M.  The  amount  of  M.  pro- 
duced by  the  Cx.,  or  left  uncorrected  by  the  Cc.  spherical,  is  preferably  -5 
or  -75  D.  and  Cc.  cyls.  are  always  employed.  In  this  way  and  using  the 
Orthops  dial,  which  is  specially  designed  for  it,  the  slightest  over-correction 
must  in  every  case  show  by  the  originally  blurred  lines  becoming  the  clearer 
because  that  focal  line  which  previously  lay  farther  out  from  the  retina  is 
then  carried  nearer  to  it. 

The  lines  originally  seen  most  distinctly  are  not  actually  changed  by  a 
slightly  over-correcting  cyl.  but  the  others  become  still  more  clear.  If  the 
cyl.  strongly  over-corrects,  so  that  the  one  focal  line  is,  in  theory,  thrown 
behind  the  retina,  Ac.  takes  place  and  the  originally  clear  lines  become 
blurred  while  the  others  are  distinct  because  the  former  then  lies  farther 
away  from  the  retina 

If  the  As.  is  so  far  over-corrected  that  even  Ac.  cannot  bring  the  back 
focal  line  forward  to  the  retina  the  relative  clearness  of  the  two  sets  of  lines 
remains  as  before.  This  also  occurs  in  the  case  of  an  old  eye  when  the  one 
focal  line  is  at  the  retina,  the  originally  blurred  bars  still  are  the  more  blurred 
on  over-correction  because  H.  As.  is  converted  into  myopic  or  vice  versa. 
Consequently  even  in  these  cases,  where  there  is  no  active  Ac,  it  is  as  well 
to  slightly  fog  for  the  correction  of  As. 

We  emphasize  that  for  the  true  correction  of  As.  fogging  is  needed  and 
that  when  As.  is  slightly  over-corrected  the  previously  blurred  bars  of  the 
diamond  become  more  clear  than  the  others;  when  under-corrected  the 
originally  clearer  bars  are  still  the  clearer;  when  just  corrected  both  sets  are 
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equally  clear;  also  that  the  principal  meridians  are  those  in  which  the 
radial  and  tangential  lines  are  respectively  clearest  and  most  indistinct. 

The  As.  is  corrected  by  uniting  the  focal  lines  so  that  a  point  focus  is 
formed,  which  is  just  in  front  of  the  retina,  and  finally  this  is  carried  back  to 
the  retina  by  means  of  a  Cc.  sph.  Consequently  the  general  rule  is  always  to 
employ  Cc.  cyls.,  but  in  cases  of  high  H.  As.  this  procedure  is  sometimes 
difficult,  if  not  impossible,  to  follow  and  the  correction  is  best  made  by 
Cx.  cyls. 

Since  fogging  is  essential  for  the  correction  of  ordinary  cases  of  As.  it 
follows  that  the  sph.  required  must  be  selected  after  the  cyl.  In  other  words, 
the  measure  of  M.  or  of  manifest  H.  can  be  obtained  effectively  only  after 
any  existing  As.  has  been  corrected. 

The  Testing  and  Correcting  of  As. — Generally  all  cases  of  As.  fall  under 
one  of  the  following  groups : 

(a)  Where  there  is  H.  with  practically  normal  vision,  that  is  6/9  or 
better. 

(b)  Where  there  is  H.  with  subnormal  vision. 

(c)  Where  there  is  M.  with,  of  course,  subnormal  vision. 

If  there  is  H.  with  good  V.  the  strongest  +  sph.  is  found  which  does  not 
blur  the  sight;  this  roughly  represents  the  manifest  H. ;  the  V.  is  then  fogged 
to  6/9,  there  being  required  for  this  purpose  additional  +  power  to  produce 
an  artificial  M.  of  about  -5  D.  The  presence  of  As.  and  the  principal  Mers. 
being  indicated  by  the  fan,  and  the  Mers.  niore  exactly  determined  by  the 
dial,  a  Cc.  cyl.  is  placed  in  the  trial  frame,  with  its  axis  in  that  same  numeri- 
cal position  as  is  indicated  by  the  dial  pointer.  This  \  ill  improve  V.,  and 
the  correcting  Cc.  cyl.  selected  by  trial  is  the  weakest  that  makes  the  tan- 
gential (originally  blurred)  as  distinct  as  the  radial  (originally  clear)  lines. 
A  cyl.  that  is  too  strong  will  cause  the  tangential  group  to  be  more  distinct 
than  the  radial. 

After  the  cyl.  is  selected  the  +  sph.  is  reduced  in  strength  in  order  to 
improve  vision,  or  increased  in  strength,  if  this  be  possible,  so  long  as  in- 
creased strength  does  not  blur.  This  group  includes  low  simple  and  com- 
pound H.  As.  and  low  mixed  As.  where  the  two  defects  are  about  equal. 
Thus  if  the  ultimate  +  sph.  is  higher  than  the  -  cyl.  it  is  compound  H.  As. ; 
if  the  +  sph.  is  lower  than  the  —  cyl.  it  is  mixed  As.;  if  these  are  equal  it 
is  simple  H.  As. 

If  there  is  H.  with  subnormal  V.,  which  is  improved  by  a  +  sph.,  the 
strongest  is  found  which  gives  best  V.  and  the  latter  is  then  fogged  two  or 
three  lines  by  the  application  of  an  additional  +  sph.  power.  The  principal 
Mers.  are  now  determined  and  the  dial  placed  in  the  position  of  correspond- 
ence with  the  principal  meridians  of  the  eye.  The  Cc.  cyl.  is  then  found  and 
the  4  sph.  reduced  or  increased  in  strength  as  described  in  the  previous 
class.  This  group  includes  medium  to  high  simple  H.  As.,  compound  H, 
As.  and  mixed  As.,  where  the  H.  predominates  over  the  M.  according  ae. 
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respectively,  the  +  sph.  is  numerically  equal  to,  higher  than,  or  lower  than 
the  —  cyl. 

In  As.  with  M.  an  attempt  should  be  made  to  determine  As.  without  im- 
proving V.  beyond  6/36  unless,  indeed,  it  be  naturally  better.  If  V.  could 
be  improved  by  —  sph.'s  beyond  6/36,  it  may,  when  not  so  improved,  be 
regarded  as  fogged  by  under-correction,  as  it  is  in  H.  by  over-correction;  in 
the  former  the  eye  is  left  myopic  and  in  the  latter  it  is  made  myopic  to  a 
certain  extent.  If  no  As.  is  manifested  when  V.=6/36,  it  must  be  improved 
to  6/18  and  again  an  attempt  made  to  determine  the  As.  If  not  determined 
when  V.=6/18,  the  sight  is  improved  to  6/9  and  the  attempt  repeated.  If 
none  be  determined  at  any  of  these  three  stages  it  can  be  taken  that  the  eye 
is  free  from  As.  The  latter  will  be  determined  when  V,=6/36,  6/18,  or  6/9 
according  as  it  is  respectively  high,  medium  or  low.  At  whatever  stage  it  is 
determined  the  Cc.  sph.  must  be  reduced  to  the  weakest  with  which  the 
one  set  of  lines^can  be  clearly  seen,  before  cyls.  are  employed.  When  As.  is 
determined  the^correcting  Cc.  cyl.  is  found  as  described  for  the  other  groups; 
finally  if  there  is  a  Cc.  sph.  it^must  be  reduced  in  strength  if  equally  good 
V.  is  obtained,  or  increased  in  strength  if  improved  V.  is  thereby  obtained. 
If  there  is  no  Cc.  sph.  one  may  be  wanted  to  attain  a  higher  V.  A.  or  a  weak 
+  sph.  may  be  accepted  without  impairing  the  V.  A.  This  group  includes 
simple  and  compound  M.  As.  and  mixed  As.  when  the  M.  predominates  over 
the  H.  according  as  there  is  respectively  no  sph.,  a  —  sph.  or  a  -i-  sph.  re- 
quired in  addition  to  the  —  cyl. 

The  foregoing  are  typical  classes  in  which  the  As.  is  presumed  to  be 
manifest.  Some  cases  will  be  met  with  where  subjective  testing  does  not 
lend  itself  so  readily,  as  the  descriptive  matter  reads,  to  the  determination 
and  correction  of  the  optical  defect,  especially  when  corrected  V.  is  sub- 
normal or  Ac.  very  active. 

When  the  principal  meridians  are  determined  so  that  the  position  of  the 
axis  of  the  correcting  cyl.  is  known — this  corresponding  to  the  blurred  lines 
of  the  chart — as  a  matter  of  procedure  a  Cx.  cyl.  should  be  first  applied; 
this  will  make  V.  worse  for  the  types  if,  as  in  most  cases,  a  Cc.  cyl.  is  needed. 
When  the  fogging  has  been  properly  carried  out  there  can  be  no  doubt  that 
a  Cc.  cyl,  is  required  and  this  will,  at  once,  improve  sight  for  the  types. 
After  correcting  the  As.  of  each  eye  and  selecting  the  required  sph.  mon- 
ocularly  there  remains  the  binocular  test  with  +  sphs.,  and  these,  if  accepted, 
may  change  the  nomenclature  of  the  class  of  As.;  also  the  general  routine 
tests  are  as  necessary  in  compound  and  mixed  and  even  simple  As.  as  they 
are  in  H.  or  M. 

Points  on  Correcting  As. — The  As.  of  an  eye  being  the  same  for  any  posi- 
tion of  the  point  of  vision,  the  cyl.  selected /or  distance  is  that  which  is  re- 
quired for  close  work  whether  the  subject  be  young  or  presbyopic;  no  near 
tests  for  As.  are  needed.  Nevertheless  a  presbyope  may  reject  cyls.  (vide 
Presbyopia),  and  the  influence  of  effectivity  with  strong  cyls.  and  cyls.  com- 
bined with  sphs.  must  not  be  forgotten.     The  consideration  of  such  changes 
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may  be  of  theoretical  interest,  but  the  cyl.  selected  for  distance  may  usually 
be  safely  given  for  all  purposes. 

In  theory  a  full  correction  of  As.  is  required,  but,  in  practice,  if  sectional 
Ac.  is  very  active,  a  satisfactory  result  is  obtained  by  under-correction. 
With  an  old  eye  there  is  little  difficulty  in  selecting  the  cyl.  which  gives 
best  V.  and  equality  of  the  astigmatic  bars;  for  a  young  eye  the  general 
rule  is  that  the  manifest  As.  as  found  when  the  eye  is  fogged  should  be  cor- 
rected. If,  then,  any  remain  masked,  it  will  manifest  itself  in  the  course  of 
time.  It  is,  also  as  a  general  rule,  safer  to  under-correct  at  first  when  the 
defect  is  high,  the  power  of  the  cyls.  being  increased  as  the  wearer  becomes 
used  to  them. 

When  low  As.  causes  asthenopia  in  close  work,  the  use  of  lenses  for  dis- 
tance may  be  excused  until,  at  least,  it  be  proved  that  their  use  in  close 
work  only  does  not  cure  the  asthenopia.  With  a  high  general  error  and  a 
low  degree  of  As.  the  latter  may  often  be  ignored,  especially  if  the  cyl.  does 
not  improve  V.  to  an  appreciable  extent,  as,  for  instance,  where  there  is  H. 
or  M.  over  10  D.  and  As.  of  a  quarter  or  half  diopter. 

A  cyl.  may  markedly  improve  V.  or  it  may  not  improve  it  at  all,  the  latter 
because  the  lens  merely  takes  the  place  of  sectional  Ac. ;  when  unaided  V.  is 
normal  it  cannot  be  made  better.  The  cyl.  here  is  needed  and  this  condition 
must  not  be  confused  with  that  mentioned  in  the  last  paragraph.  Another 
cause  of  failure  to  improve  V.  materially  results  from  subnormal  V.  A.  due 
to  the  previous  absence  of  any  sharp  retinal  focus ;  this  is  the  same  as  occurs 
in  absolute  H.  and,  like  it,  the  use  of  corrective  lenses  should  bring  about  an 
improvement  in  the  visual  acuity. 

When  Ac.  is  very  active  and  fluctuating  it  is  as  well  to  give  sph.  lenses 
only  for  temporary  use,  and  especially  so  if  the  H.  is  fairly  high  compared 
with  the  As.  and  cyls.  have  not  been  previously  used.  When  correcting 
cases  of  As.  it  is  often  advisable  not  to  depend  on  the  results  obtained  from 
a  single  test.  A  record  being  made  of  the  first,  the  second  test  will  be  more 
quickly  and  accurately  made. 

In  some  cases  a  certain  discomfort  may  be  experienced  with  cyls.  when 
first  used;  or  they  may  cause  obliquity  of  straight  lines  or  cm'vature  of  flat 
surfaces.  If  the  lenses  are  correct  these  symptoms  rapidly  disappear,  they 
being  mental  eSects  due  to  the  changed  retinal  impressions.  Another  and 
more  serious  cause  of  distortion  is  the  non-coincidence  of  the  principal  Mers. 
of  the  eye  and  lens  and  may  be  due  to  improper  location  of  the  cyl.  axis  or 
it  may  be  due  to  the  fact  that,  while  the  cyl.  position  is  correct,  the  eye  itself 
is  torted  owing  to  insufficiency  of  the  oblique  muscles  caused  by  the  oblique 
As.  In  this  case  the  proper  cyls.  should  remedy  the  muscular  trouble  in  the 
same  way  as  +  sphs.  remedy  insufficiency  of  the  external  recti  by  relieving 
Ac.  action. 

Although  when  employing  the  Orthops  chart  it  is  rarely  necessary,  yet, 
sometimes,  a  more  exact  location  of  the  axis  of  the  cyl.  is  obtained  by  its 
rotation  either  way  a  few  degrees  from  the  originally  selected  position, 
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especially  if  the  cyl.  is  of  high  power.  When  this  adjustment  is  being  made 
the  subject  should  view  the  smallest  line  of  types  legible  and  not  the  astigmatic 
chart,  so  that  he  may  attain  the  maximum  acuity  of  vision. 

When  testing  As.  it  is  highly  essential  that  the  head  be  not  allowed  to 
rotate  over  towards  the  one  shoulder,  nor  inclined  in  the  vertical  or  hori- 
zontal planes,  as  vision  would  then  be  obHque  through  the  lenses.  These 
habits  are  very  common  with  astigmats  who  quite  unconsciously  indulge  in 
them.     It  is  also  essential  that  the  trial  frame  be  exactly  horizontal. 

In  no  circumstances,  with  or  without  any  spherical,  can  any  lines  of  a 
fan  be  the  clearest  or  the  most  blurred  other  than  those  which  correspond  to 
the  principal  meridians  of  the  eye;  nor  can  the  greatest  contrast  be  secured 
between  the  two  halves  of  the  diamond  in  any  position  other  than  that  which 
corresponds  to  the  principal  meridians  of  the  eye.  If  the  diamond  be  turned 
so  that  the  lines  be  intermediate  to  the  principal  meridians,  they  are  equally 
blurred. 

Coloured  Fringes. — It  sometimes  occurs  that  coloured  fringes,  due  to 
chromatism  of  the  eye,  lie  within  the  macular  area  so  that  one  or  both  sets  of 
bars  appear  to  be  coloured.  This  is  almost  a  certain  indication  of  mixed  As. 
either  natural  or  produced  artificially  by  insufficient  fogging  or  by  relaxa- 
tion of  the  Ac.  during  the  test.  In  mixed  As.  we  have  one  focal  line  in  front 
and  one  behind  the  retina  so  that,  in  a  good  many  cases,  the  retina  lies  ap- 
proximately in  the  circle  of  least  confusion,  and  this  has  oppositely  coloured 
fringes  at  the  extremities  of  its  two  diameters  which  are  parallel  to  the 
principal  meridians  of  the  eye.  The  bars  lying  parallel  to  the  principal 
meridians  will  therefore  be  seen  coloured  blue  and  red,  but  the  former  is 
much  less  pronounced  as,  being  comparatively  dull,  it  is  more  or  less  lost  in 
the  blackness  of  the  bars  themselves;  the  red  is,  however,  generally  very 
pronounced;  it  indicates  the  direction  of  the  focal  line  behind  the  retina. 
The  colours  can  be  eliminated  in  the  following  manner  and  the  correct  strength 
of  cyl.  arrived  at.  Weak  convex  sphericals  are  put  up  until  the  colours 
disappear  and  then  if  the  lines  that  were  originally  black  are  again  rendered 
the  blacker,  the  concave  cyl.  is  too  weak,  but  should  the  originally  grey  lines 
appear  the  sharper,  with  an  added  +  sph.,  the  concave  cyl.  is  too  strong. 
The  trouble  experienced  with  chromatism  is  only  another  argument  in  favour 
of  the  fogging  system. 

The  Stenop?eic  Slit  consists  of  an  opaque  disc,  having  a  slot-like  opening 
of  -5  to  1  mm.  used  for  determining  and  correcting  As.:  the  most  useful 
width  is  '75  mm.  The  one  eye  is  occluded,  the  disc  is  put  in  the  frame 
horizontally,  before  the  other,  and  slowly  revolved  while  the  subject  regards 
the  types;  the  slit  during  rotation  must  be  centred  for  the  visual  line.  In 
some  certain  position  he  will  see  better  than  in  any  other;  this  is  generally 
the  Mer.  of  least  defect,  and  at  right  angles  to  it  is  that  of  greatest  error. 
If  there  is  no  As.  the  V.  is  equal  in  all  Mers.,  while  if  it  is  much  better  in 
one  position,  there  is  either  simple  As.  or  As.  that  is  high  compared  with  the 
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general  error.  On  the  other  hand  the  slit  may  fail  to  determine  the  principal 
meridians  if  the  As.  is  of  very  low  degree,  especially  if  the  general  optical 
defect  is  high  or  Ac.  active.  Also  in  mixed  As.,  where  the  opposite  errors 
are  about  equal  in  degree  and  Ac.  passive,  the  sight  is  equally  blurred  for  all 
positions,  unless  a  +  or  —  sph.  be  used  in  conjunction  with  the  slit.  Thus, 
if  the  principal  mers.  cannot  be  located  without  a  lens,  the  test  should  be 
repeated  with,  say,  a  +2  D.  sph. 

The  one  principal  Mer.  being  located,  that  strongest  +  or  weakest  —  sph. 
is  found  which,  when  placed  in  front  of  the  slit,  gives  the  best  visual  results ; 
the  slit  being  turned  through  90°  and  a  similar  procedure  followed,  the  two 
principal  powers  have  then  been  approximately  determined.  The  slit  is 
removed,  the  combination  is  put  up  as  a  sph.-cyl.  and  the  test  completed 
according  to  ordinary  rules.  The  difierence  between  the  two  powers  is  the 
cylindrical  element  of  the  combination,  the  axis  being  in  the  Mer.  of  least 
Am.  which  is  corrected  by  the  spherical.  As  an  example,  if  a  +  3  is  accepted 
at  40°  and  +5  at  130°  the  combination  needed  is  +3  S.  O  +2  Ax.  40°.  If 
the  two  powers  are  -3  at  40°  and  +2  at  130°,  the  combination  is  -3  S.  o 
+  5  C.  Ax.  40°  or  +  2  S.  o   -5  C.  Ax.  130°. 

The  principle  involved  in  the  use  of  the  stenopteic  is  that  each  principal 
Mer.,  independent  of  the  other,  is  isolated  and  tested  for  its  spherical  error. 
The  length  of  the  ocular  focal  lines  varies  directly  with  the  size  of  the  pupil. 
The  stenopseic  reduces  the  size  of  the  effective  apertm'e  of  the  eye,  in  the 
meridian  at  right  angles  to  the  slit,  so  that  the  focal  line  pertaining  to  that 
meridian  is  reduced  to  nearly  a  minimum.  Since,  however,  the  stenopseic 
does  not  actually  reduce  that  line  to  zero,  vision  with  the  stenopseic  is  not 
so  good  as  it  is  when  the  eye  is  corrected  by  a  cyl.  or  a  sph.-cyl.;  also  with 
lenses,  and  without  the  slit,  more  light  enters  the  eye. 

The  stenopseic  is  useful  in  special  cases,  particularly  if  the  As.  is  of  high 
degree,  where  the  ordinary  test  fails,  but  is  useless  if  As.  is  low  or  completely 
masked  or  if  Ac.  is  very  active.  Sph.  lenses  and  the  types  are  used  in  con- 
junction with  the  stenopseic  slit  and  not  cyl.  lenses  or  the  As.  bars.  The 
smaller  the  slit,  the  more  effective  is  the  stenopseic  up  to  a  certain  point, 
but,  if  very  narrow,  the  quantity  of  light  admitted  to  the  eye  is  too  much 
reduced  for  clear  vision;  also  irregularities  of  the  edge  become  apparent 
and  diffraction  occurs.  A  slit  nearly  as  wide  as  the  pupil  has  no  stenopaeic 
effect  at  all. 

The  Placido  Disc  or  Keratoscope  (Fig.  57)  is  a  disc,  having  alternate  black 
and  white  concentric  rings  whose  widths  increase  from  the  centre  outwards, 
with  about  a  -i-  4  D.  sph.  lens  fixed  in  a  small  central  aperture.  The  subject 
being  placed  with  his  back  to  the  light  an  image  of  the  white  rings,  reflected 
from  the  cornea,  is  viewed  through  the  aperture.  The  cornea  acts  as  a  Cx. 
mirror  and  owing  to  the  arrangement  of  the  disc  the  rings  are  seen  equally 
spaced  but  the  whole  image  is  smaller  as  the  curvature  of  the  cornea  is  greater 
and  vice  rerm.  Corneal  As.  is  indicated  if  the  rings  are  sol'u  elliptictil,  the 
long  axis  of  the  ellipse  corresponding  to  the  Mer.  of  least  curvature  and  the 
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short  axis  to  that  of  greatest  curvature.  It  requires  practice  to  distinguish 
very  low  degrees  of  corneal  As.  with  the  Placido  and,  although  the  form 
of  the  innermost  ring  is  what  is  really  required,  yet  that  of  the  second  or 
third  ring  can  be  the  better  seen.  The  outermost  ring  often  exhibits  the 
irregular  appearance  normal  to  all  eyes  in  the  zone  near  to  the  sclero- corneal 
margin.  The  disc  is  useful  for  determining  the  presence  and,  approximately, 
the  principal  Mers.  of  high  regular  corneal  As.  and  for  detecting  irregular 
As.  and  conical  cornea  {q.i.),  in  which  the  rings  are  seen  distorted.  It  is  a 
cheap  instrument  and  has,  besides  a  theoretical  interest,  a  decided  practical 
utility. 

The  Keratometer,  fully  described  elsewhere,  is  used  for  measuring  corneal 
As.  The  resiUts  obtained  may  vary  considerably  from  the  total  As.  of  the 
eye ;  also  that  measured  at  the  surface  of  the  cornea^is  numerically  different 
when  represented  by  a  cyl.  lens  placed  some  15  mm.  in  advance,  especially  if 
employed  in  conjunction  with  a  sph.  lens.  The  change  in  the  majority  of 
cases  is,  however,  too  small  to  destroy  the  utility  of  the  instrument. 


Irregular  As. — Here  the  curvatm-e,  and  therefore  the  refractive  power, 
differs  in  different  jDarts  of  the  same  Mer.  so  that  light  from  a  point  is  re- 
fracted quite  irregularly  and  comes  to  no  definite  focus  at  all.  The  various 
forms  of  irregular  As.  are  referred  to  in  the  following  paragraphs. 

Irregular  Corneal  As. — True  irregular  corneal  As.  is  generally  the  result 
of  wounds  or  ulcers  of  the  cornea,  but  it  may  also  be  congenital  or  spon- 
taneously acquired.  It  can  be  determined  by  the  Placido  disc,  when  the 
rings  will  be  seen  reflected  from  the  cornea  as  distorted  circles,  or  by  the 
keratometer  the  image  of  whose  mires  are  seen  so  confused  that  they  cannot 
be  brought  into  alignment.  Markedly  different  curvatures  of  the  central 
and  peripheral  zones  of  the  cornea  cause,  if  symmetrical,  strong  spherical 
aberration  rather  than  irregular  As.  Any  curvature  of  the  cornea,  other 
than  sj)herical  or  toroidal,  such  as  hyperbolic,  parabolic,  elliptical  or  conical, 
would  produce  a  form  of  irregular  As.  The  peripheral  portion  of  the  cornea 
is  normally  irregular,  but  since  the  iris  acts  as  a  stop,  this  need  not  be  con- 
sidered. 

There  is  no  correction,  by  ordinary  methods,  of  irregular  As.,  although 
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the  sight  may  be  considerably  improved  by  sph.  or  cyl.  lenses.  It  may  also 
be  aided  by  stenopseic  spectacles  in  the  form  of  slits,  or  very  small  apertures 
or  partly  opaque  lenses  to  utilize  only  the  better  portion  of  the  cornea.  The 
theoretically  true  remedy  would  consist  of  a  liquid  kept  in  contact  with  the 
cornea  by  means  of  a  spherical  shell;  irregular  corneal  As.  disappears  when 
the  open  eye  is  immersed  in  water. 

Irregular  Lenticular  As.  may  be  caused  by  iritic  adhesions  producing 
irregularities  of  the  lens  capsule.  It  may  also  result  from  inequality  of 
density,  and  therefore  of  refractive  index,  of  some  of  the  layers  or  sectors  of 
the  lens,  or  possibly  a  deformity  of  shape,  as  a  whole,  congenitally  or  as 
the  result  of  a  condition  such  as  incipient  cataract.  The  application  of 
lenses  is  the  same  as  for  irregular  corneal  As.,  but  here,  of  course,  the  theoreti- 
cal liquid  lens  would  not  be  of  any  utility.  The  liquid  aqueous  is  in  contact 
with  the  front  of  the  crystalline,  but  as  the  refractive  indices  of  the  two 
media  differ,  the  former  only  partially  remedies  any  irregularity  of  curvature 
of  the  front  surface  of  the  latter. 

Other  Forms  of  Irregular  As.— Irregular  As.  may  be  caused  by  differences 
in  the  refractive  indices  of  the  vitreous,  possibly  due  to  the  presence  of 
sugar,  etc.;  obliquity  of  the  visual  axis  to  the  axis  of  the  optical  system 
produces  coma  and  radial  As.  which  may  be  considered  a  form  of  the  irregular 
variety  of  As.  Some  regard  as  irregular  all  forms  other  than  regular  As. 
of  the  anterior  surface  of  the  cornea,  but  it  is  more  convenient  to  regard  the 
static  and  dynamic  lenticular  forms  as  regular.  The  posterior  surface  [of 
the  cornea  may  be  regular  or  irregular,  but  its  influence  can  be  ignored  on 
account  of  the  practical  uniformity  of  the  refractive  indices  of  the  cornea  and 
aqueous. 


CHAPTER  IX 

ANISOMETROPIA 

Derivation. — av,  without,  la-o,  equal,  jj-erpor,  measure,  (Jixp  eye.  It  is  the 
condition  in  which  the  refraction  of  the  one  eye  differs  from  that  of  the  other. 

Illustration  of  Aniso. — If,  in  front  of  a  screen  and  at  an  equal  distance, 
there  are  held  a  +9  D.  and  a  +10  D.  sph.,  the  latter  illustrate  a  pair  of 
anisometropic  eyes.  Whether  the  screen  be  nearer  to  or  farther  from  the 
lenses,  there  is  a  constant  difference  of  1  D.  between  the  powers.  The  con- 
ditions represented  are  as  follows :  When  the  screen  is  at  9  cm.  the  eyes  are 
unequally  H. ;  at  10  cm.  the  one  is  Em.  and  the  other  H. ;  at  10-5  cm.  the 
one  is  H.  and  the  other  M.;  at  11  cm.  the  one  is  Em.  and  the  other  M.;  at 
12  cm.  both  are  M.  but  to  different  degrees.  By  the  addition  of  cyls.  to  the 
sph.  lenses  further  variations  can  be  obtained. 

Aniso.  Congenital  and  Acquired. — Any  difference  between  the  eyes  may 
be  either  congenital  or  acquired,  and  it  is  difficult  to  decide  which  it  is  if 
H.  be  taken  to  be  the  normal  condition  of  an  eye  at  birth,  for  the  difference 
may  have  been  then  present  or  the  one  eye  may  have  developed  more  than 
the  other.  Acquired  Aniso.  may  result  from  extraction  or  dislocation  of 
the  crystalline,  or  from  operation  or  wound  involving  the  cornea.  If  one 
eye  is  highly  H.,  the  Aniso.  is  probably  congenital;  if  the  one  is  highly  M. 
it  is  probably  acquired;  differences  in  the  degree  of  As.  indicate  a  congenital 
origin.  Some  authorities  include  under  Aniso.  loss  of  Ac.  in  one  eye,  but 
strictly  the  latter  does  not  come  under  this  heading. 

Frequency. — Aniso.  is  the  rule  rather  than  the  exception  and,  in  fact, 
so  seldom  are  the  eyes  found  to  be  exactly  equal  that  the  term  anisometropia 
is  frequently  used  only  to  denote  the  condition  where  the  difference  is  con- 
siderable. 

Antimetropia  is  the  name  sometimes  given  to  the  condition  where  the 
one  eye  is  H.  and  the  other  M.,  the  term  anisometropia  being  reserved  for 
where  there  is,  in  both  eyes,  H.  or  M.,  but  to  different  extents. 

Variation  oJ  Degree. — The  degree  varies  from  a  small  difference  of,  say, 
•25  D.  in  the  amount  of  H.,  M.  or  As.,  to  a  condition  of  high  antimetropia. 

Divisions.^ — We  divide  Aniso.  into  high  and  low,  for  the  reason  that  in 
tlu!  former,  apart  from  the  actual  optical  errors,  the  difference  itself  requires 
consideration,  whereas  in  the  latter,  as  a  rule,  no  special  consideration  of  the 
Anise,  as  such,  is  demanded. 
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Low  Aniso.  includes  differences  up  to  1  or  2  D. — perhaps  more — where 
the  general  optical  condition  is  the  same  in  both  eyes;  cases  where  there  is 
As.  of  one  eye  and  not  of  the  other;  small  differences  when  both  eyes  are 
As.,  and  also  all  those — and  this  is  the  chief  point — where  correction  of  the 
optical  differences,  i.e.  equalization  of  the  eyes,  does  not  occasion  discomfort 
or  confusion  of  vision. 

High  Aniso.  includes  differences  over  2  D. — perhaps  less — where  both 
eyes  are  H.  or  both  M. ;  high  differences  in  As.;  cases  of  antimetropia  and 
all  those  where  equalization  of  the  refractive  condition  of  the  eyes  is  a  source 
of  discomfort  or  confusion.  High  Aniso.  is  most  probably  caused  by  refrac- 
tive and  not  axial  errors. 

Determination  of  Aniso. — V.  may  be,  and  usually  is,  unequal,  different 
correcting  lenses  are  needed,  and  the  near  points  are  at  unequal  distances. 
Equal  V.  does  not,  however,  prove  the  absence  of  Aniso.,  for  the  reason  that 
Ac.  may  be  unequally  exerted  or  the  defects,  although  different  in  nature, 
may  cause  equal  diminution  of  V. ;  nor  does  unequal  V.  determine  the  presence 
of  Aniso.  because  there  may  be  amblyopia,  incipient  cataract  or  other  con- 
ditions not  purely  optical. 

Vision  in  Aniso. — The  sizes  of  the  two  retinal  images  must,  in  general, 
differ  in  Aniso.  Even  when  V.  of  both  eyes  is  equal,  the  nodal  points  are, 
owing  to  unequal  Ac,  differently  placed  with  respect  to  their  respective 
retinae.  When  V.  is  not  clear  in  the  one  eye,  the  more  blurred  retinal  image 
is  the  larger.  Nevertheless  the  brain  fuses  the  two  images  and  both  are 
ajDpreciated  because  no  matter  how  blurred  the  one  image  may  be,  or  how 
much  larger  than  the  other,  binocular  is  usually  better  than  monocular  vision. 
1'he  actual  V.  and  V.  A.  of  each  eye  depend  on  its  optical  condition. 

The  P.  P.  and  Amp.  of  Ac. — If  both  eyes  are  equally  H.  or  equally  M.  or 
the  difference  in  the  refraction  is  not  great,  we  take  it  that  the  accommoda- 
tive Amp.  is  the  same  in  both  eyes,  it  being  governed  chiefly  by  age.  Conse- 
quently if  both  eyes  are  equally  H.  or  M.,  the  position  of  the  P.  P.  must 
be  the  same  for  both,  with  or  without  correcting  lenses.  If  the  eyes  are 
unequally  H.  or  M.  the  P.  P.'s  must  differ  without  lenses,  but  they  must 
be  equally  distant  when  the  Aniso.  is  corrected — that  is,  when  the  excess  of 
refraction  of  the  one  eye  over  the  other  is  neutralized. 

Ac.  in  Aniso. — If  unaided  V.  is  equally  clear  in  both  eyes  it  is  generally 
because  the  Ac.  is  unequally  exerted,  but  this  is  only  possible  to  a  small 
extent ;  where  the  difference  is  great  it  is  impossible  for  the  one  eye  to  accom- 
modate so  much  more  than  the  other,  and  the  influence  of  Con.  in  this  con- 
nection would  make  it  difficult  if  not  impossible.  Equal  Ac.  with  consequent 
blurring  of  the  one  image  and  partial  disuse  of  the  one  eye,  is  in  old  people 
the  usual  condition  with  Aniso.,  whether  low  or  high;  it  is  also  equal,  at  all 
ages,  with  high  differences,  except  where  V.  alternates. 

Asth.  in  Aniso. — Asthenopia  is  almost  a  certain  accompaniment  of  im- 
equal  exertion  or  effort  of  Ac.     It  is  possible  that  by  training  or  otherwise 
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unequal  accommodative  actions  may  result  from  equal  efforts,  and  some 
young  people  seem  to  obtain  binocular  clear  vision  without  Asth.,  but  later 
in  life  there  is  either  discomfort  or  vision  is  not  simultaneously  clear.  When 
Asth.  iq.v.)  is  present,  it  may  result  trom  various  conditions,  but  if  due  to 
Aniso.,  equalization  of  the  refraction  of  the  eyes  will  cure  it;  unequal  cor- 
rections of  equal  eyes  may  cause  it. 

The  Correction  of  Aniso.  consists  of  lenses  that  equalize  the  refractive 
powers  so  that  Ac.  is  equally  exerted  for  all  distances.  Full  correction  of 
the  Aniso.  is  usually  accepted  in  low,  but  not  in  high  degrees;  it  is  the  rejec- 
tion of  full  correction  of  the  difierential  refraction  which  causes  the  division, 
rather  than  any  numerical  expression  of  the  Aniso. 

Suppose  a  case  apparently  requiring  0.  D.  -i- 1  D.,  0.  S.  +2  D.,  these 
being  the  strongest  lenses  accepted  for  the  manifest  H.  and  there  being  an 
equal  amount  of  uncorrected  latent  H.  remaining  in  each  eye;  the  P.  P. 
will  then  be  at  the  same  distance  for  both  eyes.  It  does  not,  however, 
always  occur  that  the  Ac.  exerted,  when  the  one  and  the  other  eye  is  being 
tested,  is  that  which  leaves  an  equal  degree  of  latent  H.  in  both  eyes;  it  may 
even  happen  that  a  myopic  case  is  unequally  corrected  owing  to  active  Ac. 
Consequently  it  may  be  laid  down,  as  a  general  rule,  that  when  the  eyes  are 
equalized  the  P.  P.  of  each  is  at  the  same  distance,  and  that  when  they  are  not 
equalized,  the  near  points  do  not  correspond.  Therefore  in  order  to  decide  that 
the  refractions  are  equalized,  the  P.  P.  of  each  eye,  with  correcting  lenses 
found  monocularly,  must  be  taken,  and  if  the  one  is  found  more  distant  than 
the  other,  the  distance  tests  are  most  likely  faulty  and  must  be  revised. 

Taking  the  above  example  of  0.  D.  H.  1  D.  and  0.  S.  H.  2  D.  the  P.  P. 
of  each  would  be,  say,  10  D.  at  20  years  of  age.  Should  the  left  eye  show 
only  9  D.,  there  is  obviously  1  D.  more  uncorrected  H.  than  in  the  right.  A 
revision  of  the  original  test  would  probably  result  in  the  acceptance,  by  each 
eye,  of  such  lenses  as  make  the  near  points  equal.  Generally  this  is  success- 
ful, although  occasional  inequality  in  the  near  points  without  any  discomfort 
is  found  for  no  apparent  reason;  such  cases  are  rare,  but,  as  an  exception, 
for  instance,  one  eye  may  have  Em.  and  the  other  H.  partially  latent. 

There  is  another  method  of  deciding  whether  the  two  eyes  are  equalized 
in  all  ordinary  cases  of  Aniso.  After  each  eye  has  been  corrected  separately 
occlude  the,  say,  right  eye  and  note  the  V.  A.  of  the  left,  then  quickly  pass 
the  occluder  to  the  left  and  note  the  V.  A.  of  the  right.  The  two  should  be 
quite  equal  if  the  eyes  are  equalized,  but  the  test  must  be  made  rapidly 
so  that  time  be  not  given  for  the  Ac.  of  the  second  eye  to  be  adjusted.  It  is  better 
to  employ  two  occluders  alternately  covering  and  uncovering  each  eye. 
This  test  is  most  delicate  and  exact  if  properly  carried  out,  but  is,  of  course, 
useless  in  certain  cases  of  high  Aniso.,  and  where  the  V.  A.  is  unequal  in  the 
two  eyes. 

The  Correction  then  of  low  Aniso.  consists  of  determining  the  refractive 
error  of  each  eye  independently  and  confirming  it  by  equality  of  vision  and 
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by  the  position  of  the  near  points.  These  being  done,  all  treatment  is  as 
given  for  H.,  M.,  As.  and  Pres.  Perfect  equalization  is  generally  tolerated. 
That  of  high  Aniso.  presents  many  difficulties  and  perfect  equalization  is, 
at  first,  seldom  or  never  tolerated. 

Classification  of  High  Aniso.  is  as  follows  : 

(a)  Where  one  eye  only  is  used  in  vision. 

(6)  Where  each  eye  is  alternately  used. 

(c)  Where  both  eyes  are  simultaneously  used. 

Aniso.  with  Monocular  V. — In  this  condition  the  one  eye  has  very  defec- 
tive sight,  which  may  be  congenital,  or  due  to  accident,  disease  or  non-use ; 
the  latter  is  the  most  common  cause  especially  if  there  is  also  strabismus. 
The  useful  eye  is  tested  and  given  the  lens  or  combination  which  best  suits 
it  and,  in  order  to  balance  the  frame  and  for  the  sake  of  symmetry  of  appear- 
ance, a  similar  lens  is  given  to  the  non-seeing  eye.  The  worse  eye,  although 
permanently  excluded  from  use  when  the  better  one  is  engaged,  should,  if 
not  completely  amblyopic,  be  prevented  if  possible  from  becoming  still 
more  defective  by  being  given  visual  exercise  when  fitted  with  the  best 
possible  optical  correction.  It  is  thus  kept  available  in  case  of  some  un- 
fortunate accident  to  the  better  eye.  When  both  eyes  are  H.  or  M.  to  different 
extents,  the  one  frequently  deviates,  there  being  a  monolateral  squint  (vide 
Strabismus),  the  less  defective  eye  being  exclusively  used  for  all  distances 
Very  low  Aniso.  may  cause  a  monolateral  instead  of  an  alternating  squint, 
which  would  more  hkely  be  the  case  if  the  eyes  were  equal. 

Aniso.  with  Alternating  Binocular  V. — In  this  condition,  both  eyes  are 
used  but  not  simultaneously.  The  more  usual  class  is  where  the  one  eye  is 
myopic  and  used  for  near  work,  while  the  other  is  emmetropic  or  hyper- 
metropic and  used  for  distance.  There  may  be  a  more  or  less  noticeable 
squint  or  apparently  none  at  all. 

Notwithstanding  correction  it  is  generally  impossible  to  obtain  simul- 
taneous vision,  the  fusion  sense  apparently  being  absent  from  congenital 
or  acquired  causes.  That  the  one  eye  is  M.  and  the  other  H.  favours  the 
condition  of  alternating  vision,  since  the  one  is  adapted  for  distance  and  the 
other  for  near  vision;  and  it  is  difficult  to  decide  whether  the  alternating  V. 
results  from  the  antimetropia,  or  whether  the  latter  is  the  result  of  a  con- 
genital inability  to  use  the  two  eyes  simultaneously  in  binocular  vision. 
As  a  rule  a  person  is  not  cognizant  of  the  fact  that  he  is  using  only  the  one 
eye  and  frequently — when  vision  is  made  equally  good  in  both — he  does 
not  know  which  eye  he  is  using  at  any  particular  moment.  There  is  complete 
and  unconscious  suppression  of  the  one  image  and  no  inconvenience  is  felt. 

Even  if  simultaneous  vision  be  elicited,  it  is  generally  so  confused  and 
uncomfortable  that  it  has  to  be  relinquished.  In  such  a  case,  or  if  simul- 
taneous vision  cannot  be  elicited  at  all,  it  is  necessary  to  correct  each  eye,  on 
general  principles,  for  the  work  it  does.     That  is,  the  H.  eye  is  giveu  best 
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possible  vision  for  distance  and  the  myopic  eye  corrected  for  the  best  distance 
for  near  work.  Each  eye  is  corrected  for  its  own  special  distance,  and  the 
lenses  can  be  mounted  in  a  single  frame  as  would  be  done  if  comfortable 
simultaneous  vision  were  obtained.  If,  however,  simultaneous  vision  is 
confused,  the  lenses  must  be  moimted  in  separate  frames,  the  one  for  dis- 
tance and  the  other  for  near  work.  The  eye  in  use  is  given  its  correcting 
lens  and  the  other  put  out  of  action  by  a  piano  or  a  lens  through  which  that 
eye  cannot  distinctly  see. 

When  vision  is  confused  after  correction  of  each  eye  separately,  the  sense 
of  simultaneous  vision  exists  and,  generally,  if  it  is  not  confused,  in  these 
cases  of  antimetropia  such  sense  does  not  exist.  This  point  ought,  however, 
to  be  decided  by  one  of  the  special  methods  described  elsewhere. 

Aniso.  with  Simultaneous  Binocular  V. — This  is  the  commonest  of  the 
three  classes  of  high  Aniso.  Each  eye  is  corrected  on  general  principles 
and  the  eyes  equalized  as  much  as  possible.  If,  when  both  eyes  are  engaged 
in  vision,  the  lenses  are  comfortable  and  there  is  simultaneous  binocular 
vision,  the  corrections  thus  found  are  prescribed.  If  these  lenses  cause 
uncomfortable  vision,  its  source  must  be  sought,  and  the  remedies  suggested 
in  the  next  article  applied. 

Troubles  Arising  from  Correction  and  their  Remedies. — (a)^  Confusion 
owing  to  the  difierence  in  size  of  the  two  images  and  want  of  Ac.  in  the 
one  eye  when  there  is  monocular  aphakia  {q.v.). 

(b)  Diplopia  when  there  is  strabismus  (q.v.). 

(c)  Distortion  caused  by  oblique  cylindricals  and  prismatic  effect  of 
oblique  cyHndricals,  when  converging  or  rotating  the  eyes. 

{d)  Non-fusion  owing  to  difference  of  size  of  images,  or  distance  of  pro- 
jection in  space. 

(e)  Asthenopia  or  diplopia  caused,  when  converging  and  lowering  the 
eyes,  by  prismatic  action  when  the  lenses  differ  in  strength. 

(/)  The  same  occurring  on  rotation  of  the  eyes. 

{g)  Asthenopia,  or  confusion  of  sight,  from  unequal  accommodative 
action. 

The  remedies  for  {d)  are  to  decrease  the  difference  between  the  lenses  and 
to  place  them  in  the  anterior  focal  planes  of  the  eyes.  If,  however,  the 
errors  are  refractive,  instead  of  axial,  the  first  remedy  may  serve  but  the 
second  would  be  no  good. 

The  remedy  for  (e)  is  adjustment  of  the  frame  for  the  working  distance 
so  that  the  eyes  look  through  the  optical  centres  of  the  lenses. 

One  of  the  most  frequent  and  worst  causes  of  trouble  is  the  vmavoidable 
prismatic  action  resulting  from  convergence,  and  the  still  worse  vertical  effect 
when  the  eyes  are  lowered.  The  remedy  consists  of  exact  centring  for  the 
distance  at  which  the  glasses  are  most  used,  or  even  providing  different 
frames  for  different  distances. 

The  remedies  (f)  are  (1)  instructions  to  turn  the  head  rather  than  the 
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eyes  for  side  vision,  (2)  partial  correction  only  of  the  worse  eye,  (3)  the  use 
of  the  new  system  bifocal  lens  by  the  more  defective  eye.  In  this  the  central 
power  of  the  lens  is  that  required  by  the  worse  eye,  and  the  peripheral  power 
equal  to  that  required  by  the  better  eye.  Thus,  suppose  the  one  eye  needs 
+  3  D.  and  the  other  +7  D.  Then  the  latter  would  be  +3  D.  main  lens 
with  a  +  4  D.  central  wafer.  Central  vision  would  be  clear  for  both  eyes, 
and  on  rotation  there  would  be  no  demand  on  convergence  or  divergence 
as  there  would  be  if  the  stronger  lens  had  a  peripheral  power  of  7  D. 

With  respect  to  {g),  which  is  probably  the  most  common  of  the  aniso- 
metropic  troubles,  it  may  arise  from  having  brought  the  eyes  into  simul- 
taneous action  while  their  accommodative  powers  are  unequal  so  that  to 
clear  both  retinal  images  unequal  accommodative  efforts  are  required.  Again 
the  trouble  may  arise  from  equalized  refraction  of  the  eyes  with  persistent  un- 
equal accommodative  actions  which  previously  were  necessary.  The  third, 
and  most  likely  reason  of  all,  is  the  altered  efiectivity  in  near  vision  of  two 
markedly  unequal  lenses.  The  first,  and  still  more  likely  the  second,  should 
remedy  themselves  in  time,  but  both  may  require  the  general  remedy  applic- 
able to  all.  The  third  may  require  different  corrections  for  near  work  and 
for  distance,  but  this  remedy  should  be  avoided  if  possible. 

The  general  remedy  is  to  throw  the  worse  eye  out  of  action  by  giving  it 
a  partial  correction  only,  but  this  is  not  always  necessary  since  sometimes 
both  can  be  retained.  It  is  obvious  that  troubles  arising  from  unequal 
corrections  are  likely  to  be  removed  by  lessening  the  difference.  This  is 
brought  about  by  reducing  the  strength  of  the  stronger  lens  when  both  are 
Cx.  or  both  Cc,  or  reducing  both  of  them  when  they  are  of  opposite  nature. 
If  the  one  lens  is  +  2  and  the  other  -i-  6,  the  difference  is  -i  D. ;  reducing  the 
stronger  to  -f-4:  makes  the  difference  only  2  D.  If  the  one  lens  is  -i-2  and 
the  other  —6,  the  difference  is  8  D.,  which  would  be  reduced  to  6  D.  by 
making  each  1  D.  weaker.  Whether  one  or  both  are  altered  depends  on 
various  circumstances.  Thus  suppose  the  lenses  are  0.  D.  -i-  2  D.  and 
0.  S.  —  3  D. ;  we  could  reduce  or  increase  the  Ac.  action  in  0.  D.  by  respec- 
tively increasing  or  reducing  the  +  lens;  with  0.  S.  it  is  inadvisable  to 
increase  Ac.  by  giving  a  stronger  Cc,  but  we  could  reduce  it  by  giving  a 
weaker  one.  If  0.  D.  is  +2  and  0.  S.  +  6,  we  could  not  well  lessen  the 
difference  by  increasing  the  +  2,  so  that  partial  correction  of  the  higher 
error,  by  reducing  the  -I-  6,  is  the  only  remedy  if  there  is  discomfort  with 
full  correction. 

Points  on  Treating  Aniso. — The  conditions  vary  so  much  that  each  case 
may  be  said  to  be  characteristic  of  itself  only.  It  is  therefore  impossible  to 
make  definite  rules  for  the  treatment  of  Aniso.,  but  the  lines,  as  already 
indicated  to  be  followed,  may  be  epitomized  as  follows : 

First  consideration  must  be  given  to  the  better  eye,  for  it  is  preferable 
to  obtain  useful  and  comfortable  sight  of  one  eye  than  bad  or  painful  sight 
of  the  two. 

The  difficulty  does  not  lie  so  much  in  deciding  on  the  correction  for  the 
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better  eye,  but  on  what  should  be  given  to  the  worse  eye.  The  better  eye 
is  corrected  and  the  other,  subordinate  to  the  first,  is  brought  up  to  its 
standard  as  nearly  as  can  be  tolerated. 

The  retinal  images  should  be  made  as  nearly  equal  as  is  possible;  this 
depends  largely  on  the  position  of  the  lenses. 

The  near  points  should  be  equalized  as  nearly  as  possible  and  thereby 
the  accommodative  actions  also.  If  in  doubt  as  to  the  eyes  being  equal 
make  them  artificially  M.  4  or  5  D.,  and  measure  the  P.  R.  of  each. 

Although  equaUzation  of  small  differences  is  usually  tolerated  and  not  so 
with  high  differences,  there  is  no  sharp  line  of  demarcation.  If  full  correc- 
tion of  the  worse  eye  is  not,  at  once,  accepted,  it  may  be  later  on  after  partial 
correction  has  been  used.  The  eyes  should  be  kept  under  observation  and 
tested  every  few  months  for  a  time. 

A  partial  correction  is  always  better  than  none  at  all,  for  with  it  the 
general  conditions  of  sight  are  improved. 

Young  people,  having  greater  adaptability,  accej^t  full  equalization  more 
readily  than  old  ones. 

When  simultaneous  binocular  vision  is  impossible,  each  eye  must  be 
suited  for  the  work  for  which  it  is  adapted. 

Discomfort  caused  by  cylindricals,  as  a  rule,  disappears  more  rapidly  than 
that  caused  by  unequal  sphericals.  Generally,  reduction  of  the  sphericals 
only  is  required  in  order  to  produce  comfort,  but  sometimes  that  of  the 
cylindricals  is  also  necessary.      Prisms  should  be  used  only  as  a  last  resource. 

The  use  of  lenses  improves  reduced  acuity  caused  by  non-use  of  an  eye. 
Therefore  when  both  eyes  do  not  use  full  correction,  the  worse  eye  should 
be  exercised  by  itself.  This  exercise  can  take  the  form  of  simply  looking 
at  distant  objects  daily  when  the  better  eye  is  occluded  but,  more  effectively, 
it  is  done  by  reading  print  as  small  as  possible,  using  for  the  purpose  full 
correction  for  that  eye  in  a  frame  provided  with  an  opaque  glass  for  the 
better  one  {videOcular  Exercises). 

In  compound  As.  sometimes  better  results  may  be  obtained  if  the  sphericals 
only  are  used  for  two  or  three  weeks. 

In  complicated  cases  the  suggested  correction  shoidd  be  tried  by  the 
customer  in  the  test  room  for  reading,  walking  about,  looking  out  of  window, 
etc.,  in  order  to  ascertain  whether  it  is  likely  to  be  tolerated  with  a  ]  eason- 
able  degree  of  comfort. 

Frames  properly  adjusted  for  the  eyes,  as  when  most  generally  used,  are 
particularly  essential  in  high  anisometropic  cases. 


CHAPTER  X 
MUSCULAR  IMBALANCE— HETEROPHORIA 

Orthophoria  {opOo^,  correct ;  </jopo?,  tending)  is  the  condition  in  which, 
the  motor  muscles  being  at  rest  and  the  eyes  in  their  primary  position, 
the  visual  axes  are  parallel  to  each  other.  The  state  of  normal  muscular 
balance,  not  only  when  the  eyes  are  in  ordinary  use,  but  also  when  they 
are  subjected  to  a  balance  test  is  termed  orthophoria.  Any  departure  from 
parallelism  of  the  visual  axes,  when  the  muscles  are  at  rest,  is  termed  hetero- 
phoria  (q.v.). 

Fusion  is  the  sense  of  simultaneous  single  binocular  vision.  It  occurs 
when  the  two  eyes  fix  the  same  object  and  the  two  ocular  images  occupy 
corresponding  parts  of  the  two  retinae.  The  double  stimulation  is  then 
combined,  by  the  mind,  into  a  single  impression. 

Prisms. — When  a  prism  is  placed  in  front  of  an  eye  the  latter  turns 
towards  the  edge  so  that  the  macula  may  receive  the  light  refracted  towards 
the  prism's  base,  otherwise,  if  both  eyes  are  seeing,  double  vision  must  ensue; 
the  same  results  if  a  prism  be  placed  in  front  of  each  eye.  But  the  effect 
of  a  single  prism  is  shared  equally  by  the  two  eyes  so  that  in  all  muscle  tests 
a  single  prism  is  employed,  its  effect  being  binocular. 

A  single  prism  of,  say,  6-^  base  out  before  the  one  eye  has  a  similar  effect 
on  convergence  to  that  of  a  3^  base  out  before  each  eye.  If  the  latter  are 
put  up,  each  eye  converges  1  M.  A.  so  that  the  image  may  be  formed  at  the 
macula  of  each.  If  the  single  prism  is  put  before  the  right  eye  the  light  is 
so  bent  that  it  falls  on  the  retina  to  the  temporal  side  of  the  macula  of  that 
eye,  while  it  is  macular  in  the  left  eye  and  diplopia  results.  Either  the  R. 
eye  rotates  as  described  in  the  next  paragraph,  or  in  order  to  restore  single 
vision  each  eye  rotates  inwards  1  M.  A.,  the  image  then  being  still  on  the 
temporal  side  of  the  macula  of  the  right  eye,  only  nearer  to  the  macula,  while 
it  is  to  the  nasal  side  of  the  left  but,  occupying  corresponding  points,  vision 
is  single,  although  not  macular.  To  obtain  clear  vision  both  eyes  rotate  to 
the  left  1  M.  A.  and  both  images  are  now  at  the  macula.  Thus  finally  the 
right  eye  has  turned  to  the  left  2  M.  A.,  and  the  left  eye  is  directed  straight 
forward,  so  that  it  may  be  said  that  the  convergence  of  the  two  eyes  has  been 
taken  up  by  the  right.  This,  however,  is  not  the  case;  each  eye  is  converged 
1  M.  A.  but  both  are  also  rotated  to  the  left  1-75°  so  that  the  images  may 
be  macular,  and  the  muscular  tension  of  convergence  and  rotation  to  the 
left  has  to  be  maintained.     The  head  probably  will  be  rotated  to  the  right 
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so  that  projection  may  be  true.  Thus,  although  the  effect  of  a  single  prism, 
on  convergence  and  divergence,  is  the  same  as  that  of  a  pair  of  prisms  of 
half  the  strength,  it  is  not  the  same  in  other  respects.  Similar  conditions 
apply  to  prisms  base  in  or  up  or  down. 

Nevertheless  if  an  object  be  fixed  by  the  two  eyes,  and  a  prism  be  placed 
in  front  of  the  one,  it  is  possible  at  once  to  restrain  any  movement  of  the 
other  eye  so  that  all  the  rotation  is  effected  by  that  before  which  the  prism 
is  placed.  In  this  case  one  would  not  see  the  apparent  change  of  position 
of  the  object,  as  occurs  when  a  conscious  effort  of  restraint  is  not  made. 

Nomenclature  of  Muscle  Action. — Adduction  is  convergence  or  turning 
the  eye  inwards,  while  abduction  is  divergence  or  turning  the  eye  outwards. 
Swperduction  is  an  upward  and  suhduction  a  downward  movement  of  the  eye. 

Nomenclature  of  Ophthalmic  Prisms. — An  adducting,  or  minus  prism,  is 
one  base  out;  it  causes  or  increases  convergence  in  the  same  way  as  a  —  lens 
causes  or  increases  Ac.  An  abducting,  or  plus  prism,  is  one  base  in  and 
causes  divergence  or  lessens  convergence  in  the  same  way  as  a  +  lens  lessens 
Ac.  A  swperducting  prism  is  one  base  down;  a  subducting  prism  is  one  base 
up.  A  horizontal  prism  is  one  with  its  base  apex  line  horizontal,  the  base 
.  being  in  or  out.  A  vertical  prism  has  its  base  apex  line  vertical,  the  base 
being  up  or  down. 

A  relieving  prism  has  its  base  towards  an  inefi&cient  muscle.  Thus  a 
+  prism  relieves  the  internal,  a  —  prism  the  external  recti.  An  adverse 
prism  is  one  having  its  base  towards  the  antagonist  of  a  weak  muscle,  causing 
increased  action  of  the  latter.  A  combining  or  measuring  prism  causes  the 
two  images,  seen  in  a  muscle  test,  to  be  projected  to  the  same  position  in 
space. 

Position  of  the  Two  Prisms. — Prisms  may  be  needed:  both  base  in  or 
both  base  out;  the  one  base  up,  the  other  down;  the  one  base  in  and  up, 
the  other  in  and  down;  or  the  one  base  out  and  up,  the  other  out  and  down. 
In  all  cases  the  base-apex  lines  are  'parallel  and  the  two  prisms  so  placed  that 
they  would  be  in  opjjosition  if  the  two  were  placed  one  over  the  other,  and 
they  would  then  neutralize  each  other. 

The  Strength  of  the  Muscles,  which  are  yoked  in  order  to  maintain  single 
vision  on  the  median  line  in  the  vertical  and  horizontal  planes,  can  be  measured 
by  the  power  of  the  strongest  prism  they  can  overcome,  i.e.  see  through 
without  diplopia;  the  test  object  being,  say,  a  candle  flame  at  6  m.  distance. 
The  usual  powers  demonstrated  are  as  follows : — 

The  external  recti,  4-^  to  8^  base  in  ;  the  internal  recti,  20-^  to  30-^ 
base  out.     The  superior  and  inferior  recti,  2-^  to  4-^  base  up  or  down. 

The  strength  of  the  muscles,  especially  the  horizontal,  varies  considerably 
with  different  individuals  indej^endent  of  the  balance  between  them. 

In  general,  insufficiency  of  the  external  recti  is  .indicated  if  less  than,  and 
of  the  internal  recti  if  more  than,  say,  6-^  base  eat  is  overcome;  this  test 
is  not,  however,  very  definite.     It  should  be  noted  that  the  power  overcome 
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by  the  external  recti  indicates  the  relative  negative  convergence,  and  that 
overcome  by  the  internal  recti  the  relative  positive  convergence.  The 
difference  between  them  (25-^  to  30^)  is  the  amplitude  of  Con.,  relative  to 
Ac.=0.  If  Ac.  be  stimulated,  the  internal  recti  have  normally  a  much 
greater  action. 

Muscular  Imbalance. — It  is  not  easy,  nor  is  it  essential — with  certain 
exceptions  given  later — to  distinguish  between  the  deviation  of  the  one 
visual  axis  from  its  fellow  and  the  deviation  of  both  from  each  other;  i.e.  it 
is  not  of  material  importance  whether  the  one  internal  rectus  is  relatively 
weaker  than  it  should  be  or  whether  both  internal  recti  are  relatively  weaker 
to  half  the  extent.  We  can  then  classify  muscular  imbalance  as  (a)  relatively 
strong  adduction,  (b)  relatively  weak  adduction,  (c)  relatively  weak  super- 
duction  of  the  one  eye  or  subduction  of  the  other.  Of  these,  (a)  and  (6)  are 
horizontal  and  (c)  is  a  vertical  imbalance.  The  term  muscular  imbalance 
is  used  in  a  general  sense;  it  can  be  divided  into  two  main  classes,  viz.. 
(a)  heterophoria  or  muscular  insufficiency,  sometimes  called  latent  strabismus, 
and  (h)  strabismus  or  squint. 

Causes  of  Muscular  Imbalance. — (a)  The  cause  may  be  anatomical  owing 
to  (1)  a  faulty  attachment  of  a  muscle  which  may  be  too  far  back,  too  far 
forward,  or  incorrectly  oblique.  (2)  A  muscle  being  abnormally  long  or 
short,  small  or  large  (deficiency  or  excess  of  fibres)  or  deficient  in  contractility 
or  elasticity.     (3)  Abnormal  location  of  the  macula. 

All  the  above  may  pertain  to  both  eyes,  also  (1)  and  (2)  to  more  than  one 
muscle. 

(6)  The  cause  may  be  ^physiological  or  pathological,  there  being  (1)  de- 
ficiency of  nerve  force  or  paresis.  (2)  Spasm  of  a  muscle.  (3)  Excessive 
or  deficient  innervation  of  some  muscles,  or  excessive  or  deficient  resistance 
of  opposing  muscles. 

(c)  The  third  cause,  which  indeed  might  be  included  in  (6),  is  the  result 
of  refractive  error,  but,  of  course,  this  cannot  apply  to  vertical  imbalance. 

The  above  causes  may  be  considered  generally.  Should  the  external 
recti  (or  the  one  rectus  only)  be  anatomically  inferior  to  the  internal,  then 
the  latter  are  actually  stronger  than  the  external  and  the  eyes  tend  to  turn 
inwards;  the  same  tendency  would  be  present  if  there  were  spasm  or  ex- 
cessive innervation  of  the  internal  recti,  or  paresis  or  deficient  innervation 
of  the  external  recti.  Similarly  the  internal  recti  may  be  actually  weaker 
than  the  external,  or  there  may  be  spasm  or  excessive  innervation  of  the 
external,  or  paresis  or  deficient  innervation  of  the  internal.  In  any  case 
the  eyes  tend  to  turn  outwards.  Thus  the  cause  of  imbalance  or  deviation 
from  parallelism  may  be  active  or  passive;  it  is  active  if  some  muscles  are 
too  strong,  receive  too  much  innervation,  or  sufier  from  spasm;  it  is  passive 
if  the  antagonistic  muscles  are  too  weak,  receive  too  little  innervation,  or 
suffer  from  paresis.  So  we  may  have  departure  from  parallelism,  in  the 
direction  of  convergence,  not  only  from  defects  of  the  internal,  but  also  of 
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the  external  recti;  in  the  same  way  divergence  may  result  from  defects  of 
the  external,  as  well  as  from  those  of  the  internal  recti.  Whatever  the 
anatomical  or  physiological  reason  for  imbalance,  the  result  is  a  want  of 
equality  between  opposing  muscles,  so  that  some  overcome,  or  tend  to 
overcome,  their  antagonists;  they  are  therefore  relatively  stronger,  or  the 
antagonists  are  relatively  weaker,  and,  in  this  sense,  the  term  strong,  or  weak 
muscles,  will  be  employed.  Further,  whUe  the  interni  recti,  for  example, 
may  be  weak  as  adductors,  they  may  be  perfectly  normal  as  dextro-  and 
laevo-  ductors,  thus  showing  that  these  muscles  are  anatomically  correct  but 
innervationally  defective  in  convergence. 

The  strength  of  the  internal,  as  shown  by  their  ability  to  overcome  prisms, 
i  s  normally  far  greater  than  that  of  the  external  recti,  yet  when  the  muscles 
are  at  rest  the  eyes  usually  diverge.  This  would  seem  to  indicate  that, 
anatomically,  the  external  are  the  relatively  stronger  pair  and  that,  physio- 
logically, the  internal  are  so.  In  other  words,  the  internal  recti  are  susceptible 
to  innervation  to  a  far  greater  extent  than  the  external,  and  this  is  perfectly 
natural  since  convergence  is  a  normal  function  constantly  in  action,  while 
divergence  is  never  required  for  binocular  vision.  The  function  of  the  yoked 
external  recti  seems  to  be  that  of  restraint  or  regulation  exercised  over  the 
yoked  internal  recti  when  convergence  takes  place. 

With  respect  to  refractive  errors,  as  a  cause  for  imbalance  of  the  hori- 
zontal muscles,  we  know  that  H.  causes  esophoria  and  convergent  squint, 
and  that  M.  causes  exophoria  and  divergent  squint,  the  immediate  cause 
being  usually  assigned,  respectively,  to  excessive  or  deficient  innervation 
of  the  internal  recti.  There  is  probably  no  actual  weakness  of  the  horizontal 
muscles  in  these  cases  because  no  difficulty  is  found  in  turning  the  eyes  to 
the  right  or  left,  but  since  the  correcting  lenses  do  not  immediately  cure 
a  heterophoria,  there  are  probably  other  factors  involved.  Refractive  Eso. 
and  Exo.  are  functional  disorders,  there  being,  in  the  first,  difficulty  with 
the  external,  and  in  the  second  with  the  internal  recti,  in  maintaining  bin- 
ocular fixation.  In  this  sense  we  may  regard  them  as  weakness  of  the  one 
or  other  pair  when  yoked  together  in  action,  such  functional  weakness  not 
obtaining  when  one  internal  and  one  external  rectus  are  yoked  for  lateral 
rotation  to  the  right  or  left ;  Eso.  and  Exo.  are  terms  applied  to  the  two  eyes 
jointly,  and  not  to  a  single  eye.  The  insufficiency  does  not,  however,  imme- 
diately disappear  on  application  of  the  correcting  lenses  because  the  defect 
has  become  more  or  less  chronic  and  therefore  does  not  at  once  respond  to 
the  removal  of  the  cause.  In  other  words,  we  do  not  generally  find  any 
marked  alteration  in  the  imbalance  for  distance  when  the  correcting  lenses 
are  applied,  and  this  especially  in  M.  as  no  change  in  accommodative  action 
takes  place  for  distance.  In  H.  we  may  find  a  slight  diminution  of  the 
Eso.  on  relieving  the  Ac,  and  it  is  probable  that  continued  use  of  the  cor- 
recting lenses  may  ultimately  remove  the  insufficiency  altogether.  Again, 
refractive  insufficiency  is  due  mainly  to  close  work  with  uncorrected  Am., 
and  it  is,  therefore,  at  the  reading  distance  that  we  should  find  the  greatest 
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immediate  reduction  in  the  horizontal  imbalance  on  application  of  the  full 
distance  lenses.  Thus  Eso.  and  Exo.  may  be  regarded  as  conditions  in  which 
the  two  external  or  the  two  internal  r6cti  are  relatively  weaker  than  their 
antagonists,  that  is,  as  conditions  in  which  there  is  insufficiency  of  the  one  or 
other  pair. 

Anatomical  or  physiological  imbalance  may  be  augmented  or  counter- 
acted partially  or  completely  by  the  "  refractive  "  imbalance,  or  the  latter 
may  predominate  over  an  original  defect.  We  expect  to  find  Eso.  in  H.  and 
Exo.  in  M.,  and  if  we  find  the  reverse,  we  may  draw  the  deduction  that, 
were  it  not  for  the  refractive  condition,  the  apparent  degree  of  imbalance 
would  be  higher.  Squint,  in  many,  if  not  most,  cases,  would  probably  not 
be  present  unless  there  were  actual,  as  well  as  functional,  weakness  of  muscles. 

The  Eso.  caused  by  H.  is  due  to  the  persistent  Con.  innervation  accom- 
panying the  persistent  Ac,  but  there  is  a  sufficiently  great  relative  negative 
convergence  so  that,  notwithstanding  the  innervation,  a  squint  is  prevented ; 
in  the  absence  of  this  relative  negative  convergence  the  Eso.  develops  into 
convergent  Strab.  Similarly  the  Exo.  caused  by  M.  is  due  to  the  persistent 
lack  of  Con.  innervation  accompanying  the  lack  of  Ac,  but  there  is  a  suffi- 
ciently great  positive  relative  convergence  and,  if  this  were  wanting,  the 
Exo.  becomes  a  divergent  Strab. 

Heterophoria. 

Derivation  {erepo^,  different;  ^opos,  tending). — Heterophoria  is  the 
condition  of  muscular  imbalance  where  perfect  fusion  is  maintained  at  the 
expense  of  extra  effort  on  the  part  of  the  relatively  weak  muscles.  Only 
under  certain  tests,  in  which  fusion  is  made  impossible,  does  actual  deviation 
of  the  eyes  occur.  Also  it  is  manifested  occasionally  when  vision  is  dulled, 
e.g.,  when  one  is  sleepy  or  abstracted,  the  muscles  being  then  not  under 
proper  control  so  that  fusion  does  not  obtain.  Similar  conditions  occur  when 
one  is  drunk,  or  when  the  muscles  are  extra  fatigued  as  after  a  continued 
spell  of  close  work.  In  these  circumstances  vision  becomes  "  double,"  the 
eyes  taking  up  their  position  of  rest  in  which  the  visual  axes  are  no  longer 
parallel  or  directed  to  the  same  object.  It  is  to  heterophoria  that  the  term 
muscular  imbalance  is  usually  applied,  although  the  latter,  eince  it  includes 
squint,  has  a  wider  meaning 

The  abbreviations  Ortho.,  Hetero.,  Eso.,  Exo.,  Hyper.,  Hypo.,  Ana., 
Kata.,  and  Cyclo.  will  be  used  to  denote  the  conditions  referred  to  in  this 
chapter. 

Classes. — (a)  Esophoria  or  Eso.  is  insufficiency  of  the  external  recti. 
The  eyes  tend  to  turn  inwards  owing  to  the  internal  recti  being  relatively 
stronger  than  the  external. 

(6)  Exophoria  or  Exo.  is  insufficiency  of  the  internal  recti.  The  eyes 
tend  to  turn  outwards  owing  to  the  external  recti  being  relatively  stronger 
than  the  internal. 
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(c)  Hyperphoria  or  Hyper,  is  insufl&ciency  of  the  one  inferior  rectus. 
The  eye  tends  to  turn  upwards.  Hypophoria  or  Hypo,  is  insufficiency  of  the 
one  superior  rectus.  The  eye  tends  to  turn  downwards.  These  two  condi- 
tions can  be  taken  as  one,  since  right  Hyper,  is  the  same  as  left  Hypo,  and 
vice  versa. 

{d)  Cyclophoria  or  Cyclo.  is  insufficiency  of  the  oblique  muscles. 

(e)  Anaphoria  or  Ana.  is  insufficiency  of  both  inferior  recti.  This  term 
has  sometimes  been  applied  to  Hyper. 

(/)  Kataphoria  or  Kata.  is  insufficiency  of  both  superior  recti.  This 
name  has  sometimes  been  applied  to  Hypo. 

There  are  also  compound  defects  as  Hyper-  or  Hypo-Esophoria  or  Exo- 
phoria;  or  with  Eso.  or  Exo.  there  may  be  also  Ana.  and  Kata.;  Cyclo.  may 
be  associated  with  any  of  the  other  muscular  defects. 

It  will  be  observed  that  for  the  condition  of  heterophoria  to  obtain  there 
must  he  fusion  and  relatively  weak  muscles.  If  binocular  vision  is  not  present 
there  cannot  be  heterophoria,  although  there  might  be  orthophoria,  because 
imbalance,  unaccompanied  by  binocular  vision,  is  generally  associated  with 
a  squint.  Consequently  we  cannot  talk  of  heterophoria  of  one  eye:  the 
defect  is,  and  must  be,  common  to  the  two  eyes.  This,  of  course,  does  not 
apply  to  (cZ),  (e)  and  (/)  above. 

Prevalence. — Hetero.  is  as  common  as  ametropia.  Absolutely  perfect 
muscular  balance  is  uncommon — indeed  a  degree  of  divergence  not  exceed- 
ing 1  M.  A.  when  the  eyes  are  at  rest  is  considered  to  be  the  practically 
normal  condition. 

Symptoms.^Low,  and  even  high  degrees,  very  frequently  give  rise  to 
no  discomfort  at  all,  but  Hyper,  and  Hypo,  are  more  likely  to  be  troublesome 
than  Eso.  and  Exo.,  and  further  the  former  cannot  be  aided  by  lenses  whereas 
the  latter  can.  Frequently  Hetero.  does  not  manifest  itself  until  20  or 
30  years  of  age  or  later,  and  this  apart  from  the  influence  of  any  error  of 
refraction;  it  is  the  case  with  vertical  insufficiencies  especially.  Symptoms 
of  Eso.  and  Exo.  are,  in  general,  the  same  as  those  of  the  refractive  errors; 
the  two  are  so  connected  with,  influenced  by,  and  dependent  on,  each  other 
that  they  cannot  easily  be  dissociated.  These  symptoms  are  discomfort, 
asthenopia,  headache  and  neuralgia;  pain  in,  or  at  back  of  eyes;  lachryma- 
tion,  photophobia  and  intolerance  of  wind.  If  these  symptoms  are  present 
in  Em.,  or  very  low  Am.,  or  if  they  continue  after  correction  of  the  Am., 
they  can,  more  exactly,  be  attributed  to  the  Hetero.  and  not  to  the  Am., 
if  there  be  any. 

Special  symptoms  of  Hetero.  are  occasional  diplopia ;  dizziness  and  vertigo; 
closing  one  eye;  pain  near  temples,  indicating  Eso.;  pain  between  the  brows, 
indicating  Exo. ;  pain  over  the  one  brow  only,  or  more  over  the  one,  indicating 
Hyper. ;  abnormal  position  or  inclination  of  the  head,  with  or  without  lenses ; 
wearing  glasses  with  the  one  lens  higher  than  the  other,  or  both  lenses  high 
or  low  with  respect  to  the  visual  axes,  or  with  the  frame  so  bent  that  the 
lenses  are  out  of  adjustment  in  any  way. 
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Testing  Hetero. — The  power  of  the  lenses  given  to  correct  errors  of  re- 
fraction depends  on  the  condition  of  the  horizontal  muscular  balance,  and 
no  optical  test  can  be  considered  complete  until  the  latter  has  been  learnt. 
Further,  should  asthenopia  continue  after  correction  of  the  refractive  error, 
its  cause  must  be  sought  for  in  the  muscular  condition.  As  a  rule  only  a 
distant  test  is  required,  but  it  is  as  well,  especially  if  the  actual  use  of  prisms 
seems  to  be  indicated,  that  the  tests  be  made  not  only  at  5  or  6  m.  but  also 
at  the  reading  distance;  this  is  requisite  for  both  vertical  and  horizontal 
insufficiencies.  With  respect  to  the  horizontal  muscles,  at  the  greater  dis- 
tance we  test  excess  or  deficiency  of  initial  Con.  while  at  the  reading  distance 
we  test  that  of  the  initial  plus  the  accommodative  Con. ;  the  two,  frequently, 
do  not  correspond. 

All  tests  for  Hetero.  are  based  on  the  temporary  destruction  of  fusion. 
When  this  occurs,  the  relatively  stronger  muscles  turn  the  eyes  so  that  the 
latter  take  up  their  position  of  rest.  The  one  eye  then  fixes  the  object  and 
the  front  of  the  other  eye  deviates — except  in  cyclophoria — in  the  direction 
ot  its  stronger  muscle,  the  back  rotating  in  the  opposite  direction.  The 
image  in  the  deviating  eye — the  false  image — is  then  not  macular,  so  that 
the  projected  images  of  the  two  eyes  do  not  correspond  in  space.  If  the 
retinal  image  lies  on  the  nasal  side  of  the  macida,  it  is  projected  to  the  tem- 
poral side  of  the  field  and  vice  versa,  so  that  the  projection  of  the  false  image 
is  towards  the  relatively  weaker  muscle  of  the  deviating  eye  and  its  angular 
displacement  is  equal  to  the  total  deviation  between  the  visual  axes.  In 
Hyper,  the  image  is  above  the  macula,  and  projected  downwards. 

To  illustrate  this,  let  us  suppose  that  the  object  viewed  is  a  flame  at  6  m. 
distance  and  that  before  the  right  eye  there  is  placed  a  Maddox  rod  {q.v.) 
axis  horizontal,  which  converts  its  image  into  a  vertical  streak  of  light. 
Then  the  left  eye  sees  a  flame  and  the  right  eye  a  vertical  streak  of  light. 
Let  us  further  suppose  that  both  eyes  tend  to  deviate  outwards  1°  so  that, 
in  the  position  of  rest,  there  is  a  total  angular  deviation  of  2°  between  the 
visual  axes.  If  the  right  eye  be  occluded,  the  left  eye  projects  its  jlam,e 
image  on  to  the  object  and  the  right  deviates  2°  outwards.  If  the  left  eye 
be  occluded  the  right  eye  projects  its  streak  image  on  to  the  object  and  the 
left  eye  deviates  2°  outwards.  If  both  eyes  are  uncovered  the  left  eye  fixes 
the  flame,  the  right  eye  deviates  outwards  2°,  and  the  streak  is  seen  separated 
from  the  flame  by  a  distance  equal  to  tan.  2°  on  a  radius  of  6  m.  or  approxi- 
mately 21  cm. ;  it  is  crossed  over  towards  the  left,  i.e.  towards  the  deficient 
internal  rectus.  If  the  left  eye  saw  the  streak  and  the  right  eye  the  flame, 
the  streak  would  be  similarly  crossed — to  the  right — or  towards  the  weaker 
internal  rectus  of  the  left  eye.  The  streak  generally  wanders  about  for 
a  few  moments  at  the  commencement  of  the  test,  but  finally  settles  down 
to  a  fixed  position  indicating  the  degree  of  heterophoria.  To  combine  the 
images  or,  in  this  case,  to  make  the  streak  cut  the  flame,  there  is  needed  a 
+  2°d  prism  placed  in  front  of  the  right  or  left  eye  i  udifierently,  or  a  pair 
of  l°d  prisms  base  in. 
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The  reason  for  projecting  the  false  image  as  above  mentioned  is  more 
fully  explained  under  Diplopia  {q.v.). 

Since,  as  before  stated,  Hetero.  is  common  to  the  two  eyes,  it  does  not 
matter  before  which  eye  the  testing  apparatus  is  placed;  the  same  degree  of 
defect  would  be  disclosed  in  either  case.  When,  however,  one  eye  sees 
better  than  the  other  the  testing  disc,  such  as  the  Maddox  rod,  should  be 
placed  before  the  better  eye. 

To  avoid  constant  repetition  in  the  description,  of  the  following  tests  it 
should  be  noted  that — 

1.  The  confusion  or  testing  disc,  or  doubling  prism,  is  placed  before  the 
right  eye. 

2.  The  muscle  test  is  made  after  any  refractive  error  is  corrected,  and 
with  the  correcting  lenses  before  that  eye  which  sees  the  test  object,  or  before 
both  eyes  if  the  images  are  similar,  as  with  the  double  prism. 

3.  The  false  image  seen,  by  the  deviating  eye,  is  towards  the  weak  muscle. 

4.  The  combining  or  measuring  prism  is  placed  in  front  of  the  deviating 
eye  with  its  base  over  the  weaker  muscle  {i.e.  towards  the  false  image) ;  or  it 
is  placed  in  front  of  the  other  eye  with  its  base  over  the  corresponding  muscle. 

5.  The  deviating  eye  is  rotated  in  the  direction  opposite  to  the  image  it 
sees. 

6.  The  measured  deviation  is  the  total  between  the  eyes. 

7.  When  treating  of  horizontal  imbalances,  the  vertical  balance  is  pre- 
sumed to  be  normal  and  vice  versa. 


Fig.  58. 

The  Maddox  Groove. — This  device,  the  invention  of  Dr.  Ernest  E.  Mad- 
dox, is  without  doubt  the  quickest,  easiest  and  best  of  all  muscle  tests  and 
rarely  is  any  other  needed.  The  groove  consists  of  a  single  extremely  high- 
power  concave  cylindrical  ground  on  a  piece  of  red  glass  or,  better,  a  series 
of  cylindricals  arranged  parallel  to  each  other  (Fig.  58),  termed  a  multiple 
groove.  When  light  from  a  bright  source,  such  as  an  electric  globe,  passes 
through  a  very  strong  Cc.  cyl.,  to  an  eye  behind  the  cyl.,  it  appears  drawn 
out  into  a  streak  of  light  across  the  axis. 

The  Maddox  Rod  is  a  single  highly  curved  convex  cylindrical  and  the 
multiple  rod  is  a  series  of  such  cylindricals.  Its  effect  and  application  is  the 
same  as  the  groove,  but  it  is  not  so  convenient  as  it  is  thicker  and  the  rods 
are  apt  to  become  loose. 

Light  from  a  bright  source  is  refracted  to  meet  in  a  line  parallel  to  the 
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axis  of  the  cyl.  whence  it  diverges  to  the  eye.  If  the  rod  is,  say,  horizontal, 
the  light  enters  the  eye  with  such  extreme  divergence  in  the  vertical  plane 
that  nothing  approaching  a  focus  at  the  retina  obtains.  In  the  horizontal 
plane  the  light  is  parallel,  and  is  refracted  to  a  focus  at  the  retina,  so  that 
the  retinal  image  is  a  vertical  band  of  light.  The  width  of  the  streak  is  the 
same  as  the  mentally  projected  image  of  the  globe  seen  directly  by  the  eye. 
If  the  rod  is  vertical,  the  streak  seen  is  horizontal.  The  streak  is  merely 
lengthened  if  the  rod  is  multiple  instead  of  single.  The  groove  has  precisely 
similar  effects,  only  the  first  line  image  is  virtual  and  in  front  of  the  groove, 
instead  of  being  real  and  behind  the  rod. 

The  Muscle  Chart. — In  conjunction  with  the  groove  or  rod,  a  muscle 
scale  (Fig.  59)  is  employed.  As  shown  in  the  diagram,  it  simply  consists  of  a 
series  of  numbers  on  each  side  of  a  central  pointer,  those  on  the  left  being  red 
and  those  on  the  right  green.  The  space  between  the  centre  of  each  number 
is  as  many  centimetres  as  there  are  metres  in  the  distance  at  which  the  chart 
is  used,  so  that  for  use  at  5  m.,  the  spacing  is  5  cm.  The  divisions  represent 
deviation  in  prism  diopters,  which  notation  is  more  convenient  than  the  M.  A. 
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Fig.  59. 

The  Groove  Test. — For  the  horizontal  muscles,  the  groove  is  placed 
horizontal;  the  vertical  streak,  seen  by  the  right  eye,  then  (a)  cuts  the  flame 
in  Ortho.,  (b)  is  to  the  right  of  the  flame  in  Eso. — homonymous  or  uncrossed 
diplopia,  (c)  is  to  the  left  of  the  flame  in  Exo. — heteronymous  or  crossed 
diplopia. 

The  measure  of  the  insufficiency  in  -^  is  indicated  by  the  number  on  the 
muscle  chart  through  which  the  streak  passes,  or  it  may  be  measured  by  the 
weakest  -  prism  in  (b)  and  by  the  weakest  +  prism  in  (c)  that  causes  the 
streak  to  cut  the  flame.  The  chart  and  its  numbers  are,  of  course,  seen  by 
the  eye  before  which  the  groove  is  not  placed,  in  this  case  the  left  eye.  If 
the  fusion  sense  exists  both  streak  and  flame  are  seen,  but  sometimes  there 
is  at  first  some  difficulty  with  this.  It  may  be  necessary  to  lessen  the  bril- 
liancy of  the  flame  by  placing  a  coloured  glass  in  front  of  the  left  eye.  Non- 
perception  of  the  streak  may  also  be  caused  by  incorrect  centring  of  the 
groove  before  the  eye.  Sometimes  the  streak  is  deviated  to  so  great  an 
extent  that  it  is  off  and  considerably  away  from  the  chart ;  in  these  circum- 
stances a  prism  must  be  used  to  bring  the  streak  back  to  the  chart.  Before 
using  the  combining  prism  the  streak  should  be  allowed  to  settle  down  in  one 
place. 

For  the  vertical  muscles,  the  groove  is  placed  vertical;  then  the  horizontal 
streak  seen  by  the  right  eye  {d)  cuts  the  flame  in  Ortho.,  (e)  is  below  the 
flame  in  right  Hyper.,  (/)  is  abo\  e  the  flame  in  left  Hyper. 
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Usually  there  is  no  vertical  scale,  and  the  degree  of  vertical  insufficiency 
is  indicated  by  the  weakest  combining  prism  placed  before  the  right  eye  base 
down  in  (e)  and  base  up  in  (/). 

Care  should  be  taken  that  the  groove  or  rod  is  exactly  horizontal  or 
vertical  as  needed,  otherwise  the  streak  is  seen  obliquely.  Tilting  the  head 
slightly  forward  above  often  brings  into  view  the  streak  when  not  otherwise 
seen.     A  darkened  room  makes  it  more  easily  visible. 

The  Vertical  Prism  Test. — ^For  the  horizontal  muscles  a  prism  of  4-^  or, 
if  necessary,  5"^  or  6^  is  placed  base  down  before  the  right  eye  ;  this  causes 
vertical  diplopia  so  that  two  muscle  charts  at  5  or  6  m.  are  seen,  the  one 
above  the  other,  the  upper  pertaining  to  the  right  and  the  lower  to  the  left 
eye.  The  vertical  separation  of  the  two  images  of  the  chart  shoidd  not  be 
too  great,  but  they  must  be  clear  of  each  other,  say  by  an  inch  or  two.  Then 
(a)  in  Ortho.  the  pointer  of  the  upper  chart  lies  in  the  same  vertical  plane 
as  that  of  the  lower,  (b)  In  Eso.  the  upper  pointer  indicates  some  number 
on  the  right  of  the  lower  chart;  di^^lopia  is  uncrossed  or  homonymous,  (c)  In 
Exo.  the  upper  pointer  indicates  some  number  to  the  left  of  the  lower  scale; 
the  diplopia  is  crossed  or  heteronymous. 

If  preferred  a  flame  can  be  used  as  the  indicator  in  place  of  the  pointer 
of  the  chart.  Care  must  be  taken  that  the  base  apex  line  of  the  testing 
prism  is  exactly  vertical,  otherwise  a  false  horizontal  deviation  is  introduced 
by  its  obliquity.  As  with  the  groove  test  the  two  images  do  not  immediately 
settle  into  their  relative  positions,  but  wander  to  and  fro;  the  combining 
prism  is  that  which  brings  the  two  images  into  the  same  vertical  plane. 

For  the  vertical  muscles  the  chart  is  placed  vertical.  A  +  prism  of 
about  10-^  or  12^  is  employed  and,  since  the  external  recti  cannot  over- 
come it,  a  horizontal  diplopia  is  produced.  The  vertical  insufficiency  is 
indicated  by  the  right  pointer  being  below  the  left  (right  Hyper.)  or  above 
(left  Hyper.).  The  combining  prism  is  that  which  brings  both  pointers  or 
flames  into  the  same  horizontal  plane. 

The  vertical  prism  test  is  clumsy  compared  with  the  groove  test,  but  in 
the  absence  of  a  Maddox  groove  or  rod  it  is  fairly  efficient.  The  two  images 
being  similar,  there  is,  however,  always  a  tendency  on  the  part  of  the  muscles 
to  attempt  fusion,  whereas  this  is  not  the  case  when  the  two  images  are  very 
dissimilar,  as  in  the  groove  test. 

The  Double  Prism  Test. — The  apparatus  consists  of  two  prisms  of  about 
5"^  each,  joined  base  to  base  (Fig.  60).  and  the  disc  on  which  they  are  worked 
is  placed  before  the  right  eye  so  that  the  common  base  line  exactly  bisects 
the  pupil  horizontally.  The  object  viewed  is  a  light  or  globe  of  which  two 
images  are  seen  separated  vertically  by  the  right  eye,  the  left  being  occluded. 
When  the  two  images  are  seen  by  the  right  eye  in  an  exactly  vertical  plane, 
the  left  eye,  before  which  a  red  glass  is  placed,  is  uncovered  and  sees  a  third 
(red)  flame  between  the  other  two.  We  then  have  that  (a)  In  horizontal 
Ortho.  the  central  red  flame  is  in  the  same  vertical  plane  as  the  other  images. 
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(6)  In  Eso.  it  is  to  the  left  of  the  others,  (c)  In  Exo.  it  is  to  the  right,  (d)  If 
the  central  image  is  midway  between  the  upper  and  lower  images  there  is 
vertical  Ortho.  (e)  If  nearer  to  the  upper  flame  there  is  right  Hyper.  (/)  If 
nearer  to  the  lower  flame  there  is  left  Hyper.  The  strength  of  the  combining 
prism  is  found  as  in  the  other  tests. 


Fig.  60. 

The  horizontal  and  vertical  muscles  are  tested  simultaneously  by  the 
double  prism,  but  the  test  is  not  so  good  as  that  of  the  groove.  If  there  is 
high  vertical  insufficiency  the  central  image  may  be  fused  with  one  of  the 
others,  and  the  test  is  then  useless  unless  the  vertical  insufficiency  be  cor- 
rected by  a  prism,  when  the  horizontal  test  will  hold  good.  As  with  the 
single  vertical  prism,  the  similarity  of  the  images  mitigates  somewhat  against 
the  efficiency  of  the  test.  The  appearance  of  the  three  images  is  shown  in 
Fig.  61. 


ABCDEFGHJ 
Fig.  61. 

A,  Ortho.;  B,  exo.;  G,  eso.;  D,  right  hyper.;  E,  left  hyper.;  F,  right  hyper-exorphoria; 
G,  left  hyper-exophoria;  //,  left  hyper-esophoria ;  J,  right  hyper-esophoria. 

The  Cone  Test. — The  disc  is  a  cone  of  red  glass  having  a  cross  cut  in  its 
centre  so  that,  when  placed  vertically  in  front  of  the  right  eye,  there  is  seen 
a  circle  of  light  with  a  central  cross.  In  Ortho.  the  centre  of  the  cross  lies 
in  the  middle  of  the  flame  seen  by  the  left  eye.  In  other  conditions  it  is 
deviated,  the  vertical  limb  of  the  cross  indicating  the  horizontal  and  the 
horizontal  Umb  the  vertical  insufficiency.  Should  both  conditions  exist,  an 
oblique  resultant  prism  can  be  found  which  brings  the  centre  of  the  cross  to 
the  centre  of  the  light. 

The  Phorometer  and  Rotary  Prism.— The  principle  involved  in  these 
appliances  is,  that  prisms  when  revolved  in  opposite  directions  have  a  varying 
combined  resultant  power.  Similarly  a  single  prism  revolved  in  front  of  the 
eye  has  a  varying  efiect  ir.  the  vertical  and  horizontal  meridians. 

The  usual  form  of  phorometer,  and  that  to  which  the  name  is  generally 
applied,  consists  of  a  5°  prism  before  each  eye  arranged  so  as  to  revolve  in 
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opposite  directions.  When  the  one  is  base  up  and  the  other  base  down  a 
vertical  diplopia  is  produced  because  the  vertical  muscles  cannot  overcome 
10°  prism  power.  The  degree  of  horizontal  imbalance  is  indicated  on  the 
scale  of  the  instrument  when,  by  revolving  the  prisms,  the  two  images  are 
brought  into  the  same  vertical  plane.  If  the  base  apex  lines  are  horizontal, 
the  bases  being  in,  a  horizontal  diplopia  is  produced  because,  again,  the 


Fig.  02. — TiiE  Phorumetki!. 
The  floor-stand  is  not  shown. 

external  recti  cannot  overcome  10°  prism  power.  Any  vertical  imbalance  is 
indicated  by  the  amount  of  rotation  of  the  prisms  necessary  to  bring  the  two 
images  into  the  same  horizontal  plane. 

The  phorometer  is  extremely  ingenious  and  serves,  at  the  same  time,  as 
a  means  of  causing  dissociation  of  the  images  and  of  measuring  the  muscular 
imbalance.  There  are  separate  pointers  and  scales  for  the  vertical  and 
horizontal  defects.  "When  the  prisms  are  rotated  there  is  produced  a 
horizontal  as  well  as  a  vertical  efiect  and  vice  versa. 


Fig.  63. — The  Rotary  Prism  (Raphael  s). 

The  rotary  prism  can  be  used  for  the  purpose  of  measuring  the  strength 
of  the  muscles  instead  of  employing  a  series  of  prisms  of  varying  strength. 
Two  similar  prisms  which  in  their  primary  position  are  in  opposition  and 
neutralize  each  other  in,  say,  the  vertical  meridian,  on  being  revolved  bases 
towards  each  other  produce  a  gradually  increasing  horizontal  effect  while 
the  vertical  still  remains  neutralized.  Similarly  when  the  initial  position  is 
horizontal  a  graduated  vertical  effect  can  be  produced  by  rotation.  This  js 
sometimes  called  a  variable  prism. 

The  prism-verger  of  Dr.  Maddox  consists  of  two  prisms  of  6°d  mounted 
in  a  trial  frame;  they  are  placed  both  base  down  and  then  rotated  in  opposite 
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directions  so  that  a  gradually  increasing  +  or  -  prism  effect  is  produced. 
For  the  vertical  muscles  the  initial  position  is,  for  both  prisms,  base  to  the 
left;  then  on  rotation  a  gradually  increasing  vertical  effect  is  introduced. 

Other  Tests. — There  are  other  devices  for  testing  the  muscular  balance, 
but  the  principles  involved  do  not  differ  from  those  described.  In  very  high 
degrees  of  muscular  insufficiency  diplopia  may  be  produced  by  placing  a  red 
glass  in  front  of  one  eye  and  a  green  glass  before  the  other.  If  diplopia 
cannot  be  elicited  by  one  test  another  should  be  tried. 

n 


Fig.  64. — The  Pkism-Vergee. 


Tests  for  Near  Distances. — A  vertical  prism  with  a  test  object  consisting 
of  a  small  muscle  chart  designed  as  for  distance,  with  the  spacing  propor- 
tionally reduced. 

Or  one  can  use  the  line  and  dot,  as  shown  in  the  diagram,  which  consists 
of  a  thin  black  line  about  6  inches  in  length  in  the  middle  of  which  is  a  circular 
dot.     With  the  line  held  vertically  at  the  reading  distance,  a  prism  of  about 


Fig.  65. 


12-^  is  placed  base  down  in  front  of  the  right  eye  when  (a)  in  horizontal 
Ortho.  one  line  with  two  dots  is  seen.  (6)  In  Eso.  two  lines  and  two  dots, 
the  upper  dot  being  to  the  right,  (c)  In  Exo.  the  same  occurs,  but  the  upper 
dot  is  to  the  left. 

For  testing  the  vertical  muscles  a  +  prism  of  about  10^  or  12-^  is  used 
and  the  test  chart  is  placed  horizontally.  Then  {d)  ii  there  is  a  continuous 
line  with  two  dots  there  is  no  vertical  insufficiency.     In  Hyper,  the  line  is 

12 
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not  continuous  and  (e)  in  left  Hyper,  the  right  dot  is  the  higher.     (/)  In 
right  Hyper,  the  right  dot  is  the  lower. 

The  combining  or  measuring  prism  is  found  as  for  distance,  it  being  the 
weakest  that  brings  the  dots  into  the  same  plane. 

The  best  test  is  the  Maddox  rod  or  groove  for  taking  the  imbalance  at 
the  reading  distance.  The  general  principles  are  as  for  distance,  but  the 
scale  is  reduced  in  proportion  so  that,  to  indicate  prism  diopters  at  40  cms., 
the  spaces  between  the  numbers  are  4  mm.  In  the  centre  of  the  scale, 
corresponding  to  the  lamp,  is  placed  a  small  polished  button  so  that,  with 
a  fairly  powerful  source  behind  the  subject's  head,  a  light  sufficiently  bright 
to  produce  a  streak  is  reflected  from  it.  The  great  advantage  is  that  with 
the  groove  in  position  the  subject  can  view  alternately  the  distance  and  the 
near  chart,  so  that  the  muscular  balance  for  6  m.  and  for  the  reading  place 
can  be  measured  and  compared  under  similar  conditions  and  at  the  same 
time.  This  cannot  be  done  when  different  instruments  are  used  for  pro- 
ducing diplopia  at  the  two  distances, 

Ortho.  and  Em. — If  the  eyes  are  Em.  and  Ortho.,  there  is  exerted  for, 
say,  33  cdi.  3  D.  Ac.  and  3  M.  A.  Con.  For  all  distances  there  is  harmony  in 
quantity  as  well  as  in  effort  between  the  two  functions,  and  at  all  ages  until 
Pres.  appears. 

Ortho.  and  H. — Here  clear  binocular  vision  calls  for  Ac.  in  excess  of  Con. 
at  all  distances ;  there  is,  therefore,  lack  of  harmony  between  the  two  so  far 
as  quantity  is  concerned.  The  accommodative  action  in  H.  is  easy  and,  by 
training,  the  hypermetrope  may  acquire  the  faculty  of  producing  more  Ac. 
than  Con.,  when  the  efforts  of  the  two  are  equal,  so  that  no  discomfort  arises. 
If  the  H.  requires  correction,  it  should  not  be  too  full  in  order  not  to  reduce 
the  accommodative  effort  below  that  of  Con.  If  the  faculty  of  accommodating 
in  excess  of  Con.  be  not  acquired  without  discomfort,  the  condition  resembles 
Eso.  and  H.  [q.v.). 

Ortho.  and  M. — For  distances  where  clear  binocular  vision  is  possible. 
Con.  exceeds  Ac.  in  quantity,  but  the  myope  is  trained  to  produce  little  or 
no  Ac.  when  the  effort  equals  that  of  Con.  at  the  ordinary  distance  of  near 
work.  If  correction  be  needed  for  the  M.  it  should  be  somewhat  less  than 
full  for  constant  wear  in  order  not  to  render  accommodative  effort  greater 
than  that  of  Con.  If  the  faculty  of  converging  in  excess  of  Ac.  be  not 
acquired  without  discomfort,  the  condition  resembles  Exo.  and  M.  [q.v.). 

Eso.  and  Em. — Here  Con.  is  easy  and  calls  for  little  effort,  and  if  the  muscles 
are  at  rest  there  is  slight  convergent  strabismus.  For  oo,  where  Ac.  is 
not  required,  negative  Con.  must  be  exerted  for  fusion  and  if  the  condition 
causes  strain  we  have  two  remedies.  The  one  is  to  reduce  the  accommoda- 
tive exertion  with  Cx.  lenses,  but  this  would  serve  only  for  close  work:  the 
other  is  to  increase  the  Con.  by  —  prisms. 

Eso.  and  H. — As  previously  described,  Eso.  is  the  muscular  condition 
normally  associated  with  H.     Con.  is  easy  and  requires  little  effort,  while 
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the  demand  on  Ac.  for  clear  vision  is  large.  The  remedy,  therefore,  consists 
of  a  full  correction  of  the  manifest  H.  and,  in  addition,  sometimes  of  some 
of  the  latent.  Every  esophoric  hyperope,  sooner  or  later,  suffers  from 
asthenopia  owing  to  the  unequal  efforts  of  Ac.  and  Con.  In  low  degrees  of 
H.  and  Eso.,  the  common  period  is  between  20  and  30;  he  requires  glasses 
early.  If  harmony  between  Ac.  and  Con.  cannot  be  obtained  by  suppressing 
the  Ac.  with  Cx.  lenses,  the  Con.  effort  must  be  increased  by  —  prisms ;  these, 
however,  are  rarely  required. 

Eso.  and  M. — This  is  the  unusual  condition.  Con.  being  exerted  with 
little  effort,  it  is  more  or  less  in  harmony  with  Ac,  of  which  little  or  none 
is  required  if  the  M.  exceeds,  say,  3  D.  To  obtain  harmonious  action  of  the 
two  functions,  Cc.  lenses  for  constant  wear  must  be  of  such  power  as  call  for 
little  or  no  Ac.  for  close  work.  Reading  glasses  or  those  for  constant  use 
should  be  considerably  weaker  than  the  full  correction.  Presbyopia  arrives 
early  in  this  condition. 

Exo.  and  Em. — If  the  muscles  are  at  rest  there  is  slight  divergent  stra- 
bismus and,  to  maintain  binocular  vision  at  oo  ,  Con.  must  be  exerted  while 
Ac.  is  at  rest.  If  the  condition  causes  strain  owing  to  the  unequal  efforts 
of  Ac.  and  Con.  we  can  either  increase  the  Ac.  effort  by  the  use  of  Cc.  lenses 
or  we  can  reduce  the  Con.  effort  with  +  prisms.  The  former  is,  theoretically, 
out  of  the  question,  although  frequently  concave  lenses  are  apparently 
required  owing  to  spasm  of  Ac.  as  a  result  of  the  Exo. 

Exo.  and  H. — This  also  is  the  unusual  association  of  conditions.  Con.  is 
difficult  and  calls  for  considerable  effort  while  Ac.  is  also  largely  required, 
so  that,  more  or  less,  there  is  harmonious  action  of  the  two  functions.  The 
H.,  if  not  very  high,  does  not  need  correction  until  comparatively  late  in 
life — only  indeed  when  the  presbyopic  age  is  approached  and  the  crystalline 
responds  less  freely  to  the  ciliary  action.  The  condition  is  troublesome,  but 
in  general  the  remedy  is  to  considerably  under-correct  the  H.  so  that  there 
may  still  be  required  an  effort  of  Ac.  equal  to  that  of  Con.  If,  owing  to 
under-correction  of  the  H.  clear  vision  is  not  obtained,  a  fuller  correction 
must  be  given  associated  with  +  prisms  to  decrease  the  Con.  effort.  Pres- 
byopia is  usually  delayed  beyond  the  normal  age. 

Exo.  and  M. — Con.  is  difficult  while  no  Ac.  is  needed  and  therefore  no 
effort  made.  Con.  is  rendered  easier  by  stimulating  the  Ac.  with  Cc.  lenses; 
but  Ac.  may  be  difficult  and  little  may  result  from  considerable  effort,  so 
that  the  remedy  consists  of  giving,  for  near  work  and  constant  wear,  those 
Cc.  lenses  which  are  as  nearly  as  possible  the  full  correction  of  the  M.  and 
yet  allow  of  easy  and  clear  vision  at  the  reading  distance.  These  lenses 
further  remove  the  distance  at  which  near  work  is  done  and  so  reduce  the 
quantity  of  Con.  required.  If,  notwithstanding  the  spherical  correction 
which  increases  the  Ac.  effort,  discomfort  still  remains,  +  prisms  must  be 
combined  in  order  to  lessen  the  Con.  effort.  If  with  correction,  fusion  in  near 
work  is  still  diificult,  prismatic  aid  may  sometimes  be  indicated  for  near 
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work  only  as  a  temporary  measure  to  produce  fusion.  This  applies  especially 
if  periodic  squint  results  when  the  eyes  become  fatigued.  Once  corrected, 
the  exophoric  myope  uses  his  glasses  constantly  and  with  comfort  for  all 
distances. 

Near  and  Distance  Tests. — The  muscular  balance  shown  in  the  near  may, 
or  may  not,  be  the  same  as  in  the  distance  test,  and  differences  in  the  two 
can  be  assigned  to  either  excessive  or  deficient  accommodative  convergence 
or  to  the  influence  of  the  corrective  lenses. 

For  example,  suppose  in  Em.  there  is  Ortho.  for  distance;  when  3D.  Ac. 
are  exerted  for  33  cm.,  there  should  also  come  into  play  3  M.  A.  Con.  If 
the  latter  be  not  this  correct  quantity  from  which  fusion  results,  some  sup- 
plementary or  fusion  Con.  must  take  place,  and  this  is  positive  if  the  accom- 
modative Con.  is  less  than  the  Ac.  and  is  negative  if  the  accommodative 
Con.  exceeds  Ac. 

Excess  or  deficiency  of  accommodative  Con.  is  shown  in  the  near  test 
in  addition  to  the  initial  positive  or  negative  Con.  shown  in  the  distance 
test,  so  that  the  one  may  augment  the  other,  or  on  the  other  hand  tend  to 
neutralize  it.     Hence  the  value  of  a  simultaneous  measure  of  the  two. 

If  there  is  more  Exo.  or  less  Eso.,  the  accommodative  Con.  is  deficient, 
while  there  is  an  excess  of  the  latter  if  there  is  less  Exo.  or  more  Eso.  in 
the  near  than  in  the  distance  test.  If  there  is  perfect  balance  in  the  distant 
and  imbalance  in  the  near  test,  the  latter  must  be  wholly  accommodative. 
If  the  reverse  occurs  the  accommodative  imbalance  rectifies  an  opposite 
initial  imbalance. 

In  H.  it  is  not  infrequently  the  case  that  Eso.  is  greater  in  near  vision, 
that  manifested  in  the  distance  test  being  termed  static  and  that  induced 
by  Ac.  for  near  vision  being  dynaviic.  The  usual  treatment  of  fullest  correc- 
tion of  the  manifest  H.  is  the  remedy  in  order  to  suppress  undue  Ac.  and 
therefore  the  associated  Con.  Similarly,  in  M.,  there  is  frequently  higher 
Exo.  in  near  vision  and,  again,  that  shown  in  the  distance  test  is  static  and 
the  accommodative  addition  is  the  dynamic.  Here  also  the  remedy  is  the 
usual  one  of  increasing  accommodative  action  by  a  fairly  full  correction  of 
the  M.  thereby  making  the  associated  Con.  action  easier. 

If  the  age  is  presbyopic,  more  Eso.  or  less  Exo.  in  the  near  test  indicates 
the  need  of  presbyopic  correction,  or  a  fuller  correction  as  the  case  may  be 
— also  that  the  frame  may  well  be  not  too  narrow.  The  reverse  is  indicated 
by  less  Eso.  or  more  Exo. 

Spasm  of  the  weaker  muscles  in  near  vision  may  cause  apparent  difference 
in  the  two  tests  in  the  direction  of  lessening  the  imbalance  or  even  of  causing 
the  opposite  condition  of  imbalance.  For  this  reason,  mainly,  subject  to 
what  is  stated  in  the  next  paragraph,  no  special  attention  need  be  given  to 
the  near  test,  until  the  use  of  corrective  lenses  has  been  tried,  because  the 
latter  should  remove  the  cause  of  the  spasmodic  muscular  action. 

Corrective  lenses  themselves  may  be  the  reason  for  the  apparent  difference 
in  the  distance  and  near  tests;  firstly  by  their  influence  on  the  accommo- 
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dative  efforts  and  therefore  on  the  associated  convergence  effort,  and  secondly, 
by  their  prismatic  action  when  the  eyes  are  converged.  The  lenses  are  truly 
corrective  if  they  tend  to  lessen  Eso.  or  Exo.  and  are  too  full  a  correction 
if  they  tend  to  produce  the  opposite  condition  of  imbalance  referred  to  later. 
For  this  reason  the  near  test  is  of  importance.  It  is,  however,  difficult  to 
separate  the  influence  of  the  accommodative  convergence  from  that  of  the 
corrective  lenses,  although  it  may  be  shown  if  the  muscle  tests  be  made  with 
and  without  lenses.  If  the  difierence  exists  without  lenses  it  is  due  to  accom- 
modative effort,  and  if  shown  only  when  the  lenses  are  up  it  is  due  to  their 
influence.  Dependence  must,  however,  be  mainly  on  the  distance  test  and 
small  differences  in  the  two  can  safely  be  ignored. 

As  quite  an  exceptional  condition  there  may  be  Eso.  in  the  one  test  and 
Exo.  in  the  other.  If  the  cause  lies  with  the  corrective  lenses,  as  previously 
mentioned,  they  must  be  modified  in  power.  Suppose  a  case  of  fully  corrected 
H.  with  Eso.  in  the  distance  test;  in  near  vision,  the  Ac.  being  suppressed 
to  a  certain  extent,  the  Con.  might  lag  to  produce  Exo. ;  the  remedy  is  less 
+  power  for  constant  use.  Or  suppose  there  is  M.  with  Exo.  in  the  distance 
test  and  a  full  correction  be  given.  Then  in  near  vision  the  accommodative 
effort  may  induce  too  much  Con.  and  the  near  balance  test  shows  Eso. ;  the 
remedy  is  to  under-correct.  From  a  theoretical  aspect  one  might  conceive 
the  existence — owing  to  excessive  or  deficient  accommodative  Con.  and 
excluding  the  influence  of  correcting  lenses — of  true  Exo.  for  distance  and 
Eso.  for  near  or  vice  versa.  It  would  be  a  rare  anomaly  and,  in  theory,  the 
remedy  woidd  consist  of  different  correction  for  near  and  distant  vision,  or 
of  prisms  for  use  only  in  either  near  or  distant  vision. 

Correction  of  Vertical  InsufQciency. — Vertical  defects  are  more  likely  to 
cause  discomfort  and,  therefore,  to  need  prismatic  aid  than  horizontal  ones 
and  especially  because  no  assistance  is  obtained  from  lenses.  Since,  how- 
ever, low  and  even  high  degrees  may  cause  no  inconvenience,  no  vertical 
prisms  should  be  given  until  the  effect  of  corrective  lenses  for  the  cure  of 
asthenopia  has  been  given  a  fair  trial. 

Tests  should  be  made  on  different  occasions  before  deciding  what  is  the 
measure  of  the  defect;  this  being  decided,  a  certain  portion  of  it  should  be 
corrected,  the  power  being  equally  divided  between  the  two  eyes,  the  prism 
being  base  up  for  the  one  eye  and  base  down  for  the  other.  Id  low  degrees, 
say  up  to  1-^,  the  whole  may  be  given  to  the  one  eye. 

At  the  most  not  more  than  1/2  or  2/3  of  the  measured  defect  should 
be  corrected,  and  anything  higher  than  2-^  for  each  eye  is  rarely  tolerated 
owing  to  prismatic  distortion  and  dispersion.  These  aberrations  are  less 
noticed  when  the  power  is  divided  between  the  two  eyes.  Also  they  are 
less  noticed  when  lenses  are  needed  in  addition.  The  prismatic  effect  needed 
might  be  obtainable  from  decentration. 

Correcting  Horizontal  Insufficiencies. — Prisms  should  never  be  given  for 
horizontal  defects  until  a  full  trial  of  the  correcting  lenses  has  been  made, 
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since  the  troubles  they  occasion  are  generally  cured  by  lenses.  Only  if  the 
correction  fails  to  relieve  the  discomfort  should  the  use  of  prisms  even  be 
considered.  Correction  of  a  refractive  error  does  not  act  directly  but  in- 
directly on  the  muscles  by  harmonizing  the  Ac.  and  Con.  efforts;  the  lenses 
thus  relieve  muscular  strain  and  help  the  tveaJier  muscles  to  regain  their 
natural  fimctional  strength.  Prisms  cannot  cure  muscular  insufficiencies, 
but  only  relieve  them  by  allowing  the  eyes  to  squint  while  still  retaining 
binocular  V.  If  relieving  prisms  have  any  effect  on  the  muscles  it  is  rather 
in  the  direction  of  further  weakening  an  already  weakened  function.  Insuffi- 
ciencies may  often  be  benefited  or  cured  by  exercise  as  described  elsewhere. 

Tests  made  with  the  correcting  lenses  sometimes  show  lower  degrees  of 
Hetero.  than  without,  especially  for  near  distances.  The  imbalance  varies 
if  tests  be  made  on  difierent  occasions  and  at  difterent  distances  as  already 
described.  Consequently  under  all  conditions  the  imbalance  should  be 
considered,  if  lenses  fail  to  relieve  and  prismatic  aid  seems  to  be  indicated. 
When  its  measure  and  nature  are  decided,  an  amount  not  exceeding  one-half 
may  be  relieved,  but  seldom  can  more  than  3'^  each  eye  be  worn  with  any 
comfort.  Prisms  employed  as  a  temporary  measure  are  sometimes  useful 
in  high  exophoria  which  approaches,  in  degree,  a  divergent  strabismus. 

A  low  prismatic  power  may  be  given  to  one  eye,  but  it  is  usual  and  better 
to  divide  it  equally  between  the  two.  By  so  doing  chromatic  effects  and 
distortion  are  made  less  appreciable  and  the  plane  of  fusion  corresponds  to 
the  median  plane  of  the  face,  which  does  not  obtain  when  the  whole  prism 
power  is  before  the  one  eye.  In  the  latter  case  the  convergence  or  divergence, 
produced  by  the  prism,  is  necessarily  accompanied  by  lateral  displacement  of 
the  eyes.  The  jjrismatic  effect  for  the  relief  of  horizontal  Hetero.  may  be 
obtained  wholly  or  partially  by  decentring  spherical  lenses  or  sph.-cyls.  if 
the  principal  meridians  are  Hor.  and  Ver.,  or  by  employing  frames  which  are 
too  narrow  to  too  wide.  Similarly,  artificial  imbalance  may  be  produced  by 
improper  frames  or  lenses. 

It  is  impossible  to  give  a  single  frame  exactly  centred  for  both  near  and 
distant  vision.  In  order  that  muscle  strain  may  be  eliminated,  so  far  as 
possible,  with  glasses  used  constantly,  the  interpupillary  distance  should  be 
as  for  distance  in  Eso.  H.  and  in  Exo.  M.  because,  when  the  eyes  are  con- 
verged for  reading,  there  is  the  effect  of  a  -  prism  in  the  first  and  a  +  prism 
in  the  second  case.  In  Exo.  H.  and  Eso.  M.  the  frames  should  be  centred 
for  vision  at  the  reading  distance,  because,  for  fixation  beyond  that  distance, 
there  is,  respectively,  +  j)rism  and  —  prism  effect.  In  all  cases  the  frame 
adjustment  should  be  such  that  no  strain  is  thrown  on  the  iveaker  muscles. 

Monocular  Insufficiency.- — If  one  horizontal  muscle  is  weak,  the  head  is 
sometimes  carried  sideways,  to  the  right  for  inefficiency  of  the  external 
of  the  right  or  internal  of  the  left  eye,  to  the  left  for  inefficiency  of  right 
internal  or  left  external.  That  is  to  say,  the  head  is  turned  towards  the 
deficient  muscle,  as,  by  so  doing,  the  latter  is  allowed  to  relax  more  or  less, 
or  is  not  called  upon  to  make  an  effort  to  preserve  balance  of  the  eyes.     Rota- 
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tion  of  the  head  has  the  same  effect  as  a  relieving  prism,  if  one  eye  only  is 
affected. 

Compound  Imbalances. — If  there  is  a  vertical  and  a  horizontal  imbalance 
to  be  relieved,  each  is  considered  apart  from  the  other  and  the  combined 
prismatic  effect  can  be  obtained  from  resultant  oblique  prisms  (see  "  General 
and  Practical  Optics  "). 

Notes  on  Relieving  Prisms.— Summarizing  much  of  the  foregoing  it  can 
be  said  that — 

(a)  As  a  rule  prisms  are  not  required  and  they  should  never  be  given 
simply  because  Hetero.  exists ;  their  necessity  must  be  clearly  indicated. 
Their  use  is  often  unsatisfactory  and  harmful. 

(6)  To  determine  their  necessity,  tests  must  be  made  with  and  without 
corrective  lenses  in  both  distant  and  near  vision  and  on  different  occasions. 
From  the  sum  of  these  a  decision  may  be  arrived  at. 

(c)  Dependence  should  be  made  rather  on  the  distance  than  on  the  near 
tests,  and  on  that  made  with  corrective  lenses. 

(d)  One  is  never  quite  certain  as  to  the  true  muscular  balance  until 
corrective  sphericals  and  cylindricals  have  been  used.  Nervousness  may 
increase  the  apparent  degree  of  Hetero. 

(e)  It  is  safer  to  give  prisms  base  in— especially  as  a  temporary  measure 
—than  base  out.  The  former  help  the  inefficient  internal  recti,  that  is  they 
enable  the  eyes  to  fuse  with  lessened  innervation.  The  latter  permit  the 
inefficient  external  recti  to  remain  inefficient,  they  maintain  the  excessive 
convergence  innervation.  Or,  put  in  another  way,  Exo.  is  a  passive  defect 
which  may  be  assisted,  while  Eso.  is  an  active  defect  which  should  not  be 
tolerated. 

(J)  It  should  not  be  forgotten  that  Hetero.  is  artificially  produced  by 
badly  centred  lenses.  The  worst  cases  are  those  of  erroneous  vertical  centring 
when  there  is  marked  anisometropia. 

Low  degrees  of  insufficiency  generally  require  no  treatment  or  correction  ; 
high  ones  require  rather  exercise  or  operation  than  prismatic  aid,  yet  some- 
times great  relief  and  comfort  is  obtained  from  the  latter.  As  a  rough  guide 
the  limits  of  prismatic  aid  lie  between  a  pair  of  -5-^  and  of  4-^. 

If  there  were  perfect  balance  of  the  external  and  internal  recti  a  given 
prism,  say  3-^,  should  cause,  in  the  groove  test,  as  much  deviation  when 
placed  base  in  as  when  placed  base  out.     This  frequently  does  not  occur. 

Although  with  ordinary  prisms  the  effect  is  small,  yet  there  is  increased 
distortion  when  looking  through  them  obliquely,  as  when  the  eyes  arc  lowered 
and  converged  for  reading,  and  if  the  prisms  are  vertical  the  effect  of  the 
one  and  the  other  is  different  since  the  base  of  the  one  and  the  edge  of  the 
other  is  nearer  the  object.  A  fuller  discussion  of  this,  and  the  true  deviating 
effect  of  prisms  on  the  eyes,  is  discussed  in  another  chapter. 

Euphoria,  Kataphoria,  Anaphoria.— The  eyes  should  be  capable  of  rotat- 
ing together,  from  the  position  of  rest,  about  35°  upwards  and  55°  down- 
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wards,  and  normal  vertical  binocular  rotation  is  termed  euphoria.  It  rarely 
occurs  that  the  total  vertical  rotation  is  much  less  than  about  90°,  for  if  the 
one  excursion  is  limited,  the  other  is  increased,  but  there  may  be  a  limitation 
in  one  or  both  directions.  When  the  muscles  are  at  rest  the  normal  vertical 
inclination  of  the  visual  axes  is  said  to  be  somewhat  above  the  horizon:  but 
this  is  very  difficult  to  confirm  by  measurement.  The  inclination  is  partly 
due  to  the  normal  deviation  of  the  visual  above  the  optic  axes. 

If  the  eyes  have  a  tendency  to  droop,  or  if  there  is  difficulty  in  raising 
them,  the  condition  is  known  as  kataphoria  ;  if  there  is  difficulty  in  lowering 
them,  there  is  anaphoria.  The  condition  may  result  not  only  from  anatomical 
imbalance  of  the  muscles,  but  also  from  an  abnormal  position  of  the  eyes  in 
their  sockets  or  of  the  maculae;  a  permanently  depressed  or  elevated  chin 
may  indicate  its  presence.  Equal  power  lenses  in  a  frame  which  is  too  high 
or  too  low  may  artificially  produce  the  condition. 

If  there  is  a  tendency  towards  Kata.,  Cx.  lenses  should  be  higher  and 
Cc.  lenses  lower;  if  there  is  Ana.  Cx.  lenses  should  be  lower  and  Cc.  higher. 
By  so  doing  there  is  a  certain  amount  of  prism  power  produced  base  up  in 
the  first  case,  base  down  in  the  second.  These  effects  can  be  obtained  by 
raising  or  lowering  the  bridge. 


ABC 

Fig.  66. 

Cyclophoria  is  insufficiency  of  the  oblique  muscles.  If  one  of  the  latter 
is  affected,  torsion  occurs  owing  to  the  partially  unopposed  action  of  the 
antagonistic  oblique.  In  these  circumstances  horizontal  and  vertical  lines 
are  seen  more  or  less  inclined. 

For  testing  Cyclo.  the  double  prism  is  used  with  a  single  horizontal  line 
as  the  test  object  at  6  m.  and  1  m.  Before  testing  the  obliques  any  vertical 
and  horizontal  insufficiencies  must  be  corrected  and  the  double  prism  is 
placed  base  horizontal  in  front  of  the  one  eye.  Two  horizontal  lines  are 
then  seen  by  the  latter,  one  above  and  the  other  below  the  single  line  viewed, 
in  the  ordinary  way,  by  the  uncovered  eye.  Both  eyes  must  be  tested 
separately,  the  one  under  test  being  that  before  which  the  double  prism  is 
not  placed,  i.e.,  the  eye  seeing  the  central  line.  The  tests  must  also  be  made 
with,  and  without,  correcting  lenses,  especially  if  these  contain  oblique 
cyiindricals,  as  is  usually  the  case  if  Cyclo.  is  present. 

If  there  is  no  Cyclo.  the  three  lines  are  seen  parallel,  but  should  there  be 
oblique  insufficiency  the  central  line  is  apparently  inclined  with  respect  to 
the  others,  as  shown  in  Fig.  66  illustrating  (A)  Orthophoria,  (B)  Insufficiency 
of  the  left  inferior  or  of  the  right  superior  oblique,  (C)  Insufficiency  of  the  left 
superior  or  of  the  right  inferior  oblique. 
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Suppose  in  tlie  left  eye  there  is  insufficiency  of  the  superior  oblique; 
then  the  unopposed  action  of  the  inferior  oblique  rotates  the  horizontal 
meridian  at  the  retina  into  the  position  A'  B',  as  shown  in  Fig.  67.  The 
retinal  image  AB  of  a  horizontal  line  is  then,  owing  to  the  torsion  of  the  eye, 
relatively  below  on  the  nasal  and  above  on  the  temporal  side  with  reference 
to  the  true  or  anatomical  horizontal  A'  B'.  The  image  projected  is  therefore 
inclined  above  on  the  temporal  and  below  on  the  nasal  side  of  the  field,  and 


Fig.  67. 

is  thus  seen  with  respect  to  the  double  lines  viewed  by  the  right  eye,  as  in 
Fig.  66  C.  The  indication  given  by  the  test  can  be  memorized  thus:  The 
central  line  inclines,  on  the  temporal  side,  towards  the  weaker  of  the  obliques, 
or  it  points  on  the  nasal  side  in  the  direction  of  the  stronger.  In  Cyclo.  it 
is  very  difficult  to  determine  whether  there  is  actual  insufficiency  of  muscles 
or  malposition  of  image  owing  to  oblique  As. 

False  torsion  increases  with  convergence  and,  of  course,  it  may  augment 
or  tend  to  rectify  the  real  torsion  caused  by  deficient  oblique  muscles.  Torsion 
found  by  this  test  at  5  or  6  m.  should  be  considered  in  connection  with  that 
found  at,  say,  1  m.  or  somewhat  less.  If  torsion  is  thus  found  only  at  a  near 
distance,  it  may  be  generally  ignored  unless  the  distortion  of  straight  lines 
be  very  great  in  ordinary  vision.  Cyclo.  results  chiefly  from  oblique  As. 
and  cannot  be  measured  or  corrected  by  prisms.  Its  remedy  is  referred  to 
in  Chapter  VIII.  and  under  Muscle  Exercises.  Symmetrical  insufficiency  of 
the  two  superior  obliques  would  cause  two  parallel  vertical  lines  to  incline 
towards  each  other  above;  insufficiency  of  the  two  inferior  obliques  would 
cause  them  to  incline  towards  each  other  below.  Inclination  of  the  head 
over  towards  the  one  or  other  shoulder  indicates  Cyclo.  as  well  as  oblique 
As.,  with  which  it  is  intimately  connected. 

In  Cyclo.  when  the  one  end  of  the  vertical  meridian  of  the*  eye  inclines 
one  way  the  other  end  inclines  the  other  way.  It  is  usual  to  denote  the 
inclination  by  the  upper  extremity;  thus  if  this  inclines  to  the  nasal  side 
the  condition  is  IncyclopJwria  or  insufficiency  of  the  inferior  oblique,  while 
if  it  inclines  to  the  temporal  side  it  is  Excyclophoria  or  insufficiency  of  the 
superior  oblique. 


!^ 
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Another  test  for  Cyclo.  is  to  put  a  Maddox  groove  vertically  before  each 
eye  and,  say,  a  4"^  prism  base  down  in  front  of  one  eye;  the  two  horizontal 
streaks  seen  should  be  brought  one  above  the  other  by  changing  the  distance 
between  the  grooves.  Then  the  two  streaks  are  horizontal  and  parallel  if 
there  is  no  Cyclo.,  but  if  the  latter  be  present  they  are  mutually  oblique, 
each  line  inclining,  at  its  temporal  extremity,  in  the  direction  corresponding 
to  the  inefficient  oblique.  The  rotation  of  the  grooves  necessary  to  make 
the  streaks  horizontal  and  parallel  can  then  be  made  to  indicate  the  degree 
of  Cyclo.  Care  must,  however,  be  taken  that  the  grooves  are  initially  exactly 
vertical. 

When  using  the  rod  or  groove  for  testing  the  horizontal  and  vertical 
muscles,  the  streak  of  light  will  be  seen  obliquely  if  there  is  cyclophoria ;  the 
instrument  should  not  be  rotated  for  the  purpose  of  making  the  streak  appear 
straight. 

False  Insufficiencies. — Dr.  Maddox  indicates  a  point  in  connection  with 
hyperphoria  which  previously  had  escaped  attention.  An  image  formed  on 
the  retina  below  the  horizontal  or  foveal  plane  is  projected  upwards  in  the 
field  and  vice  versa.  In  a  test  this  denotes  Hypo,  or  Hyper,  respectively. 
If  the  image,  owing  to  Eso.  or  Exo.  or  to  a  horizontal  prism,  is  formed  away 
from  the  macula,  and  if  at  the  same  time  there  is  Cyclo.  so  that  the  eye  is 
skewed,  that  image  is  formed,  not  on  the  true  horizontal  line  of  the  retina, 
but  in  one  of  the  upper  or  lower  quadrants  of  the  retinal  circle  and  is  pro- 
jected accordingly  downwards  or  upwards  respectively.  Thus  a  vertical 
insufficiency  may  aj^pear  to  exist  which  does  not,  or  one  which  does  exist 
may  not  be  apparent,  or  even  a  Hyper,  may  appear  to  be  Hypo,  and  vice 
versa.  Similar  results  may  occur  with  Hyper.,  Hypo,  or  a  vertical  prism 
with  respect  to  Eso.  and  Exo.,  only,  of  course,  it  would  not  be  of  much 
importance.  This  condition  cannot  occur  if  the  Cyclo.  is  binocular, 
symmetrical  and  equal,  nor  can  it,  owing  to  the  nature  of  the  image,  when 
a  rod  or  groove  is  employed  provided  it  is  not  tilted.  False  Hyper,  results 
from  Eso.  and  Incyclo.  and  from  Exo.  and  Excyclo.  False  Hypo,  results 
from  Exo.  and  Incyclo.  and  from  Eso.  and  Excyclo.  False  divergence  arises 
from  Hyper,  and  Incyclo.  and  from  Hypo,  and  Excyclo.  False  convergence 
arises  from  Hypo,  and  Incyclo.  and  from  Hyper,  and  Excyclo.  When  con- 
sidering these  points  one  must  distinguish  between  displacement  of  the  image 
by  a  prism  and  displacement  caused  by  rotation  of  the  eye. 

Locating  the  Defective  Muscle. — If  the  groove  is  before  the  right  eye  and 
the  horizontal  streak  is  seen,  say,  below  the  lamp,  there  is  Eight  Hyper, 
or  Left  Hypo.,  that  is,  insufficiency  of  the  right  inferior  or  left  superior  rectus. 
If  now  the  chin  be  raised,  so  as  to  cause  the  eyes  to  be  depressed,  there  will 
result  a  difference  in  the  separation  of  streak  and  flame.  If  the  separation 
is  increased  the  right  inferior  is  at  fault,  while  if  it  is  decreased  it  is  the  left 
superior  rectus.  Similar  results  are  obtained  by  raising  the  eyes.  We  can 
make  this  rule :  the  defective  muscle  is  indicated  if  the  diplopia  increases 
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when  the  eyes  rotate  towards  that  muscle.  This  is  similar  to  the  test  em- 
ployed in  diplopia  {q.v.},  only  it  is  not  very  effective  for  the  horizontal  recti 
and  is  of  no  use  if  the  trouble  is  innervational. 

The  following  also  has  a  theoretical  interest.  On  elevating  the  eyes  a 
greater  elevation  on  the  nasal  side  indicates  extorsion  due  to  a  defective 
superior  rectus ;  a  similar  lesser  elevation  indicates  intorsion  due  to  a  defective 
inferior  oblique.  On  depressing  the  eyes  a  greater  nasal  elevation  points  to 
extorsion  arising  from  a  defective  superior  oblique;  a  lesser  elevation  shows 
intorsion  due  to  an  insufficient  inferior  rectus. 

High  Hetero. — Should  persistent  asthenopia  remain  notwithstanding 
correction  of  the  Am.  by  lenses,  relief  by  decentring  or  weak  prisms,  exer- 
cise of  the  weak  muscles,  or  an  operation  may  be  required.  Whether  an 
operation,  relief  by  prisms,  or  exercise  be  the  remedy  in  the  higher  degrees 
of  Hetero.  is  a  matter  for  consideration  by  the  ophthalmic  surgeon.  No 
surgeon  would,  however,  decide  on  an  operation  until  the  effect  of  lenses 
had  been  tried.  When  a  Hetero.  is  of  so  high  a  degree  as  to  indicate  the 
possibility  of  an  operation  for  its  cure,  it  is  akin  to  periodic  strabismus  (q.v.) 
and,  like  the  latter,  is  an  abnormal  condition  which  perhaps  cannot  be 
corrected  by  merely  altering  the  course  of  entering  light.  It  is,  therefore, 
beyond  the  scope  of  non-medical  treatment. 

Muscle  Training. — -Muscle  training,  frequently  called  orthoptic  exercise,  is 
a  class  of  work  which  de2:)ends,  far  more  than  sight  testing,  on  the  personality 
of  the  optician.  It  may  be  successful  in  the  hands  of  one,  and  not  so  in  the 
hands  of  another,  given  the  same  case  to  work  upon ;  again,  while  successful 
with  one  subject,  it  may  not  be  so  with  others.  Only  low  insufficiencies  are 
likely  to  be  benefited,  and,  further,  it  is  not  often  the  case  that  a  customer 
has  the  patience  to  continue  a  treatment  for  a  sufficiently  lengthy  j)eriod 
for  the  effect  to  be  beneficial. 

The  strength  of  weakened  muscles,  or  weakened  functions  of  muscles, 
can  be  increased  by  exercises  designed  for  the  jmrpose  or,  at  least  in  the  case 
of  the  horizontal  muscles,  exercise  produces  an  increased  positive  or  negative 
relative  Con.  or  both.  It  is  found  that  the  prism  power  overcome  by  the 
various  muscles  may  be  considerably  augmented  if  the  power  be  gradually 
increased  by  means  of  some  form  of  rotary  prism,  the  test  object  being  a 
candle  flame,  or  small  white  disc,  a  bright  button,  or  the  knob  of  a  door,  at 
6  metres.  For  near  distances  the  line  and  dot,  or  a  small  letter  may  be 
employed  in  the  same  form  of  exercise. 

Various  methods  of  muscle  exercises  have  been,  and  are,  recommended 
by  the  few  authorities  who  deal  with  this  subject,  but  there  does  not  seem 
to  be  agreement  as  to  the  best  method,  if  indeed  there  be  any  such  one. 
Natural  gymnastic  exercises,  as  in  the  alternate  contraction  methods,  gener- 
ally prove  the  most  satisfactory,  but  probably  the  best  results  are  obtained 
by  utilizing  with  judgment  all  the  three  classes  mentioned  in  the  following 
articles,  the  possible  variations  being  numerous. 
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In  all  cases  the  refractive  error  is  corrected,  the  lenses  worn  during  the 
exercises,  and  the  prisms  are  adverse,  i.e.  base  towards  the  more  efficient 
muscles,  thus  causing  increased  action  of  the  defective  muscles.  Therefore 
it  need  not  be  repeated  in  each  case  that,  for  exercising  the  internal  recti, 
the  prisms  are  base  out,  and  for  the  external  recti,  base  in;  for  the  right 
superior,  or  left  inferior  the  right  prism  is  base  down  or  (and)  the  left  base 
up;  for  the  other  vertical  recti  they  are  reversed.  It  is  always  advisable 
to  use,  in  these  exercises,  pairs  of  prisms,  if  they  are  at  all  strong,  say,  over 
2^  each,  but  with  less  power  than  4^  a  single  prism  is  permissible.  The 
prism  power  mentioned  in  the  text  is  the  total,  and  should  then  be  half  that 
amount  for  each  eye,  if  it  is  divided. 

So  much  discretion  is  needed  by  the  optician  that  merely  the  briefest 
outlines  of  some  methods  are  given,  and  the  extent,  or  duration,  or  frequency, 
of  the  exercise  must  be  left  to  his  judgment.  The  increase  of  prism  power, 
of  duration  of  exercise,  and  of  frequency  are  obtained  little  by  little — from 
time  to  time — as  the  weak  muscles  become  more  efficient. 

Sustained  Contraction  Exercises. — In  these,  adverse  prisms  are  employed 
continuously  for  defined  periods,  thus  causing  increased  action  of  the  weaker 
muscles. 

(a)  Nearly  the  highest  prisms  that  can  be  overcome  are  first  used  and 
their  power  increased  little  by  little  so  long  as  diplopia  does  not  occur.  They 
are  used  daily  for  a  minute  or  so,  two  or  three  times,  with  intervals  of 
rest,  for  distance  only. 

(6)  Weak  adverse  prisms,  l-^  to  4-^,  are  given  to  be  worn  frequently 
every  day  for  short  periods.  The  time  is  gradually  increased  until  they 
can  be  overcome  without  discomfort  for  an  hour,  when  they  should  be  used 
for  reading,  at  first  for  a  few  minutes  only,  then  for  increasingly  long  periods. 

(c)  The  prisms  employed  are,  for  the  internal  recti,  2-^  increasing  to  12-^ ; 
for  the  external  1-^  increasing  to  6-^.  They  should  be  worn  for  distant 
vision  twice  daily,  for,  say,  5  minutes  and  the  time  gradually  increased  to 
15  minutes.  After  having  been  used  some  days  for  distance  only,  they 
should  be  used  also  for  reading  twice  daily  for,  say,  5  minutes  and  the  time 
gradually  increased  to  an  hour.  Distance  and  near  work  should  be  at  first 
alternate,  then  a  little  of  both,  until  both  can  be  achieved  without  fatigue. 
Here  both  time  and  power  are  gradually  increased,  but  in  (6)  only  the  time. 

Varied  Contraction  Exercises. — Here  the  action  of  the  muscles  to  be 
exercised  is  constantly  varied  by  one  of  the  following  methods : 

{d)  A  variable  prism  first  set  at  zero  power  is  turned  on  and  gradually 
increased  to  that  extent  which  the  inefficient  muscles  can  overcome  without 
diplopia  ensuing.  A  few  seconds'  interval  is  given,  in  order  to  obtain  com- 
plete fusion  of  the  images,  before  each  increase  of  power  is  given.  There  are 
various  forms  of  rotary  prisms,  but  probably  the  prism  verger  of  Dr.  Maddox, 
previously  described,  is  the  best. 

(e)    The  internal  recti  can  be  exercised  by  slowly  approaching  a  pencil 
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towards  the  eyes  and  as  slowly  removing  it  to  40  or  50  cm.  This  exercises 
the  internal  recti  without  using  prisms,  by  varying  the  natural  call  on  the 
muscles  as  the  distance  of  the  object  is  altered.  If  used  with  prisms  it  can 
be  employed  for  the  external  as  well,  when  the  prism  effect  is  varied  by  the 
change  of  the  object  distance ;  this  method  is  useless,  however,  if  the  accom- 
modation is  weak.  A  variation  in  this  exercise  is  to  alternate  the  approach 
exercise  with  vision  of  a  distant  object;  thus  distant  vision,  then  vision  at 
arm's  length,  approach  to  the  near  point,  distance  again  and  so  on.  A  better 
test  object  is  a  small  black  dot,  or  a  thin  black  line  on  white  ground. 

(/)  Change  of  distance  of  the  object  by  change  of  distance  of  the  person 
viewing  it,  adverse  prisms  being  used.  The  best  way  is  to  view  the  object 
from  a  near  position,  and  then  to  move  slowly  away  from  it,  returning  towards 
it  again  and  so  on. 

(g)  Alteration  in  the  distance  between  two  objects,  whose  images  must 
be  fused,  as  by  the  amblyoscope,  or  adjustable  stereoscojDe  (vide  the  Stereo- 
scope and  Amblyoscope  in  Chap.  XL)  The  prism  power,  if  any,  is  a  fixed 
quantity ;  and  divergence  or  convergence  is  gradually  increased  by  alteration 
of  the  distance  between  the  two  pictures,  a  slight  pause  being  made  between 
the  alterations  so  that  fusion  of  the  images  may  take  place.  This  exercise 
is,  of  course,  suitable  only  for  the  horizontal  recti  and  does  not  differ  materi- 
ally from  the  exercises  for  fusion  mentioned  later. 

Alternate  Contraction  Exercises. — In  these,  alternate  contraction  and 
relaxation  of  the  deficient  muscles  are  obtained  by  alternate  use  and  non-use 
of  adverse  prisms. 

(h)  A  power  which  is  somewhat  weaker  than  the  strongest  that  can 
be  overcome  is  employed;  its  power  is  increased  slightly,  and  then  again 
reduced,  by  alternately  adding  to  it,  and  removing,  an  additional  prism, 
the  strength  of  the  first  prism,  and  that  of  the  additional  prism,  being  gradu- 
ally augmented.  The  duration  of  the  exercise  is,  at  the  commencement. 
2  to  3  minutes  daily,  the  time  to  be  increased  as  the  muscles  become  stronger, 

(i)  A  distant  flame,  or  white  disc,  is  viewed  alternately  without  and  through 
a  pair  of  weak  adverse  prisms,  each  for  a  short  period.  This  is  on  the  lines 
of  Dr.  Savage's  rhythmic  exercises,  the  strength  of  the  prisms  and  the  time 
employed  being  gradually  increased.  The  object  is  viewed  first  without 
the  prisms  for,  say,  3  increasing  to  5  seconds,  and  then  with  the  prisms  for 
the  same  period.  In  the  latter  case,  additional  action  of  the  defective 
muscles  is  obtained,  and  relaxation  of  this  additional  action  results  from 
removal  of  the  prisms  (say,  by  lifting  them  upwards)  The  exercise  should 
be  practised  two  or  three  times  a  day  for  about  2  minutes,  gradually  in- 
creasing to  15. 

The  prismatic  power  for  esophoria  is  2-^  increasing  to  12-^  ;  for  exophoria 
\^  increasing  to  4-^;  for  hyperophoria  -5-^  increasing  to  2-^. 

{k)  A  variation  of  this  last  exercise  is  to  alternate  distant  vision  with 
that  of  a  near  (reading  distance)  object,  both  of  them  alternately  with  and 
without  the  prisms,  each  period  of  fixation  to  last  for,  say,  3  seconds.     Again, 
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this  can  be  varied  by  changing  the  distance  between  the  eyes  and  the  test 
object  by  approaching  and  receding  it. 

Notes  on  Orthoptic  Exercises.— No  exercises  should  be  carried  on  so  long 
as  to  cause  fatigue  of  the  weak  muscles,  or  pushed  to  the  extent  of  causing 
diplopia  as  the  case  may  be.  It  is  useless  over-fatiguing  already  weakened 
muscles;  at  the  same  time,  individuality  has  an  influence,  in  this  connection, 
which  does  not  differ  greatly  from  that  which  would  apply  in  ordinary 
physical  culture  exercises. 

If  the  exercising  prisms  are  weak,  the  exercises  may  be  longer  continued 
or  repeated  more  frequently,  but  with  strong  prisms  they  must  be  short 
of  duration  and  less  often.  For  example,  an  exercise  carried  out  twice  a 
day  with  a  i^  prism  for  6  minutes  could  be  varied  by  employing  a  weaker 
prism  for  a  longer  time,  or  more  frequently.  As  a  general  rule  short  exer- 
cises frequently  repeated  are  better  than  long  ones  and  weak  prisms  give 
better  results  than  strong  ones.  Exercising  should  not  be  suddenly  dropped, 
but  should  be  lessened  as  gradually  as  it  was  increased. 

It  will  be  seen  that  some  exercises  can  be  effectively  made  by  the  subject 
himself,  but  when  changes  of  prism  power  are  required,  this  can  be  done 
safely  only  with  the  aid  of  the  optician.  When  exercises  are  done  at  home, 
early  morning  is  preferable,  anyhow  not  late  at  night.  Care  must  be  taken 
to  show  how  the  prisms  are  to  be  held,  and  they  are  better  mounted  to 
prevent  mistakes, which  may  easily  be  made  by  one  not  understanding  their 
effect. 

Dr.  Maddox  recommends,  instead  of  a  number  of  square  exercising 
prisms,  the  use  of  a  pair  of  round  prisms  mounted  in  a  special  frame  so  that 
their  inclination  can  be  easily  changed  to  increase  either  the  vertical  or 
horizontal  effect. 

Exercise  for  Cyclophoria.— Dr.  Savage  recommends  the  rotation  of  oblique 
cylindricals  whose  incHnation  is  gradually  increased,  the  object  being  dis- 
tant and  corrective  lenses  worn.  The  power  of  the  cyls.  employed  varies 
from  -5  to  5  or  6  D.,  but  usually  is  about  1-5  D.  A  pair  of  cylindricals 
axes  vertical  is  placed  before  the  eyes,  and  from  this  position  both  are  rotated 
symmetrically  first  15°,  then  30°  and  finally  45°;  the  exercise  is  improved 
by  alternating  vision  through  the  cylindricals  and  without  them.  For 
insufficiency  of  the  superior  oblique  the  rotation  of  +  cyls.  is  inwards  above, 
and  of  —  cyls.  outwards  above.  For  insufficiency  of  the  inferior  obliques 
+  cyls.  are  rotated  outwards  above  and  -  cyls.  inwards  above. 


CHAPTER  XI 
STRABISMUS  AND  DIPLOPIA 

Strabismus. 

Strabismus  is  the  condition  where  the  two  visual  axes  are  not,  at  the 
same  time,  directed  towards  the  same  object.  In  Hetero.  there  is  simul- 
taneous binocular  fixation,  in  strabismus  there  is  not,  and  this  is  the  essential 
difference  between  the  two.  In  latent  strabismus  or  Hetero.  we  must 
make  fusion  impossible  before  the  eyes  deviate.  In  strabismus — sometimes 
referred  to  as  manifest  or  patent  to  distinguish  it  from  the  late^it — fusion  is 
iznpossible. 

The  causes  of  strabismus  have  been  given,  in  general,  for  both  classes  of 
muscular  imbalance  {q.v.)  and,  in  addition,  absence  of  the  fusion  faculty  or 
anything  such  as  a  nebula,  or  a  congenital  amblyopia,  or  a  higher  deoree 
of  optical  error  in  the  one  eye,  which  renders  fusion  impossible;  other 
causes  are  diseases  of  the  eye,  paralysis,  hysteria,  nervousness  and  general 
disease 

Nomenclature.— Strabismus  convergens — esotropia — when  the  one  eye 
turns  inwards. 

Strabismus  divergens — exotropia — when  the  one  eye  turns  outwards. 

Strabismus  ascendens  or  sursumvergens — Jiypertropia — when  the  one  eye 
turns  upwards. 

Strabismus  descendens  or  deorsumvergens — hypotropia — when  the  one 
eye  turns  downwards. 

Divisions. — In  general,  we  can  divide  squint  into  concornitant  or  non- 
paralytic, and  incomitant  or  paralytic. 

Apparent  Strabismus  is  the  condition  caused  by  angle  a  being  abnormally 
large  or  small.  The  former  causes  an  apparent  divergence  of  the  eyes  and 
is  usually  associated  with  H. ;  the  latter  causes  an  apparent  convero-ence 
and  usually  accompanies  M.  In  this  condition  the  optic  axes  have  a  greater 
or  lesser  degree  of  divergence  than  is  normally  the  case,  and  they  may  still 
diverge,  although,  as  compared  with  their  appearance  associated  with  a 
normal  angle  a,  they  appear  to  converge.  The  name  is  not  appropriate 
since  the  condition  is  not  strabismus  at  all. 

191 
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Concomitant  Squint. 

Non-Paralytic  Squint  is  usually  due  to  refractive  errors,  but  there  are  also 
other  causes  for  non-fusion  of  the  images,  so  that  we  might  divide  con- 
comitant Strab.  into  two  classes.  Absence  of  fusion  may  have  its  origin  in 
the  brain  and  be  either  congenital  or  acquired,  so  that,  there  being  a  tendency 
thereto,  the  one  eye  wanders;  disease,  injury  or  amblyopia  renders  one  image^ 
imperfect  or  faint  and  the  one  eye  deviates  because  the  two  images  cannot 
be  fused;  in  these  cases  the  anatomical  muscular  balance  is  imperfect. 
Absence  of  fusion  may  be  due  to  the  fact  that  monocular  is  better  than 
binocular  vision,  suppression  of  the  one  image  being  best  obtained  by  devia- 
tion of  the  defective  eye;  or  because  weakness  of  a  muscle  or  muscles  renders 
fusion  impossible  or  too  painful.  Similar  influences  may  be  found  where 
there  is  an  error  of  refraction,  but  the  latter  may  not  be  present,  or  at  least 
it  may  not  be  the  main  cause  of  the  squint.  This  condition,  like  that  of  the 
paralytic  variety,  has  no  close  connection  with  optical  work  and  needs  rather 
consideration  from  a  medical  or  surgical  aspect.  When  Am.  is  not  the  cause 
of  the  squint,  the  latter  may  appear  at  any  period  of  life  and,  in  this  respect, 
especially  when  it  is  convergent,  there  is  considerable  difference  from  that 
due  to  Am. 

Some  cases  of  squint  have  as  their  original  cause  anatomical  muscular 
deficiencies  with  Am.  as  the  contributory  cause.     Some  have  as  their  original 
cause  Am.  with  the  contributory  cause  anatomical  Hetero.     It  is  very  difficult 
to  draw  a  sharp  line  between  the  cases  where  Am.  is  the  primary  and  those 
where  it  is  the  secondary  cause,  and  although  occasionally  H.  or  M.  may  be 
the  sole  and   only  influencing  factor,   generally  there  is  also  anatomical 
muscular  deficiencies  as  well;  non-paralytic  squint  will  be  considered,  in  this 
chapter,  mainly  in  connection  with  H.  and  M.  ^he  distinction  between  H.     ] 
with  esophoria  and  H.  with  convergent  strabismus  is  that  in  the  former  there~lT" 
is  a  sufficiently  great  relative  negative  convergence,  in  the  latter  there  is  not.     ' 
Similarly  in  M.  with  exophoria  the  positive  relative  convergence  is  strong, 
while  in  M.  with  divergent  strabismus  it  is  not. 

Ophthalmoscope  Test. — If  the  subject,  with  his  back  to  a  window,  looks 
at  a  Cc.  mirror  held  about  50  cm.  away  and  in  the  median  line,  the  optician 
will  see  through  the  aperture  of  the  mirror  a  bright  spot  reflected  from  the 
cornea  of  each  eye,  the  spots  being  asymmetrical  when  there  is  a  squint.  If 
there  is  no  squint  they  are  symmetrical  and  lie  on  the  visual  axes,  generally 
at,  or  a  little  to  the  nasal  side  of,  the  pupillary  centres. 

Pencil  Test. — A  pencil  or  other  small  object  is  slowly  approached  towards 
the  eyes  which  fix  it.  If  there  is  squint  (or  high  Hetero.)  the  one  eye  may 
stop  converging  and  then  deviate  when  the  pencil  is  near.  The  latter  should 
also  be  thus  moved  directly  in  front  of  each  eye  alternately,  for  then  the 
other  eye  apparently  converges  to  twice  the  extent  and  its  action  is  more 
clearly  observed. 
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The  Card  Test. — Let  a  distant  object  be  viewed  and  tlie  left  eye  occluded 
with  an  opaque  disc  or  card;  if  now  the  right  eye  makes  no  movement  it 
was  previously  fixing  the  object.  The  left  eye  is  uncovered  and,  at  the 
same  time,  the  right  is  occluded  with  another  disc  or  card;  if  the  former 
makes  no  movement  to  fix  the  object  it  was  not  deviating  when  occluded. 
Absence  of  movement  of  either  eye  shows  absence  of  strabismus,  while 
movement  of  one  or  both  eyes  in  order  to  fix  determines  squint  or  Hetero. 

Primary  and  Secondary  Deviations. — In  the  card  test,  if  there  is  a  squint, 
the  deviation  of  the  bad  eye,  when  the  good  eye  fixes,  is  called  the  primary 
deviation.  When  the  bad  eye  fixes,  the  good  eye  being  occluded,  the  devia- 
tion of  the  latter  is  the  secondary  deviation. 

To  Recognize  Concomitant  Squint. — (a)  The  deviation  of  the  one  eye  is 
easily  and  at  once  observed  (except  in  the  periodic  variety). 

(6)  There  are  rarely  complaints  of  double  vision  (except  in  periodic 
squint). 

(c)  The  primary  and  secondary  deviations  in  the  card  test  are  equal. 

{d)  The  angle  between  the  visual  axes  is  constant. 

(e)  The  excursions  are  equal  in  all  directions  and  the  one  eye  never  stops 
with  a  jerk. 

(/)   The  head  is  rarely  held  inclined. 

Nomenclature  of  Concomitant  Squint. — This  is  said  to  be — 

Periodic  when  the  squint  is  not  always  present.  It  is  also  termed  inter  ■ 
mittent,  inconstant,  recurrent,  occasional  and  relative. 

Constant  when  it  is  always  present ;  also  called  fixed  or  absolute. 

Alternating  when  each  eye  alternately  fixes  and  deviates;  sometimes 
termed  binocular  squint. 

Monolateral  when  the  same  eye  always  deviates;  otherwise  called  uni- 
lateral, monocular,  or  uni-ocular. 

Periodic  Squint,  when  concomitant,  is  usually  the  forerunner  of  the  con 
stant  type.  It  may,  however,  never  develop  into  the  latter  and  therefore 
may  be  found  at  any  period  of  life.  It  is,  at  times,  a  latent  and,  at  others, 
a  manifest  deviation  and  is  therefore  intermediate  between  Hetero.  and 
constant  squint.  It  may  be  considered  as  Hetero.  of  high  degree.  Accom- 
modative squint,  or  spasm  of  convergence,  which  occurs  only  in  near  vision, 
is  one  form  of  periodic  strabismus  which  may  also  be  of  a  hysterical  or  nervous 
natm'e,  or  the  result  of  disease. 

Constant  Squint  may  be  either  alternating  or  monolateral. 

Alternating  Squint. — Most  cases  of  strabismus  are  alternating  before 
becoming  monolateral,  but  since  a  case  may  nevei:  develop  into  the  latter, 
the  condition  may  be  met  with  at  any  period  of  life.  In  alternating  squint 
the  visual  acuity,  almost  without  exception,  is  equally  good  in  both  eyes, 
this  being  the  reason  why  the  squint  remains  alternating.  The  cause  may 
lie  in  the  congenital  or  acquired  absence  of  the  fusion  sense,  the  refractive 
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condition  being  anything  from  Era.  to  high  antimetropia  {q-v.).  The  usual 
form,  however,  occurs  in  equal  H.  or  M.  in  which  the  acuity  of  the  eyes  is 
equal  and  the  fusion  sense  existing  or  not.  If  the  latter  be  absent  the  squint 
can  be  cured  by  operation  only. 

Mouolateral  Squint. — Here  one  eye  only  is  used,  the  other  being  deviated 
in  distant  and  near  vision.  Almost  invariably  the  deviating  eye  is  more  or 
less  amblyopic  and  generally  has  the  higher  refractive  error.  It  is  said  to 
be  more  often  the  left  eye  than  the  right. 

Suppression  of  the  False  Image. — When  there  is  deviation  of  the  visual 
axes  with  respect  to  an  object,  the  latter  cannot  have  corresponding  images 
in  the  eyes.  Therefore  diplopia  must  result  if  there  be  simultaneous  binocular 
vision  because,  while  the  one  image  is  macular,  the  other  is  not,  and  is  pro- 
jected to  a  different  place  in  space.  In  constant  concomitant  strabismus, 
diplopia  does  not  occur  because  the  image  of  the  squinting  eye  is  mentally 
suppressed.  The  deviation  of  the  one  eye  is  the  result  of  a  circle  of  cause 
and  effect  in  that,  in  order  to  rid  itself  of  the  confusion  caused  by  the  false 
image,  the  brain  impulses  turn  the  eye  over  to  a  greater  extent,  so  that  the 
image  may  be  formed  as  far  as  possible  from  the  macula  and  on  the  compara- 
tively insensitive  retinal  periphery.  The  deviation  of  the  squinting  eye  is 
generally  very  considerable.  Even  if  a  false  image  be  seen  by  the  squinting 
eye,  it  is  so  faint  and  so  remote  from  the  clear  image  obtained  by  the  fixing 
eye  that  it  has  no  more  effect  than  the  impression  received,  in  ordinary 
binocular  vision,  of  objects  in  the  periphery  of  the  field.  It  is  the  continued 
non-use  of  the  squinting  eye  that  causes  amblyopia-ex-anopsia. 

Amblyopia. — This  term  is  applied  to  reduced  vision  not  caused  by  active 
ocular  disease  and  incapable  of  improvement  by  lenses  or  other  optical  aids. 
It  may  be  congenital  or  it  may  result  from  general  disease,  poisons,  drugs 
or  tobacco.  Partial  amblyopia  may  be  due  to  high  Am.  especially  if  long 
uncorrected,  and  it  is  then  usually  more  or  less  binocular.  The  latter  points 
to  a  condition  arising  in  the  eye  itself,  but  some  other  causes  before  mentioned 
point  to  the  cause  being  in  the  brain. 

The  monocular  form  may  be  congenital  and  the  cause  of  a  squint,  or 
a  squint  may  be  the  cause  of  a  monocular  amblyopia.  If  there  is  congenital 
monocular  amblyopia  and  perfect  muscular  balance  no  squint  would  likely 
result;  but  if  there  is  muscular  imbalance,  with  absence  of  the  stimulus  of 
binocular  fixation,  the  eyes  wander  into  their  position  of  rest,  which  may 
be  that  of  either  convergence  or  divergence.  On  the  other  hand  monocular 
amblyopia  is  generally  acquired  and  is  the  result  of  non-use  of  the  one  eye 
due  to  squint;  the  term  amhlyopia-ex-anopsia  is  applied  to  this  class.  Should 
there  be  squint  and  amblyopia  of  one  eye,  the  former  most  likely  has  resulted 
from  the  amblyopia,  if  the  latter  is  equal  on  both  sides  of  the  macula.  If  the 
insensitiveness  to  stimulation  is  greater  on  the  one  side  of  the  retinal  field 
than  the  other,  the  amblyopia  has  resulted  from  non-use  on  account  of  the 
squint.     In  this  latter  case  the  temporal  side  of  the  retina  in  convergent, 
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and  the  nasal  side  in  divergent  strabismus  is  the  more  defective.  In  alter- 
nating and  periodic  strabismus  there  cannot  be  amblyopia-ex-anopsia,  but 
there  may  be  partial  and  more  or  less  equal  amblyopia  in  both  eyes. 

Since  amblyopia  may  be  the  cause  or  the  effect  of  a  squint  when  we  meet 
with  a  case  of  Strab.  with  monocular  amblyopia,  it  is  possible  that  the  latter 
is  partly  original  and  partly  acquired  from  non-use.  The  chief  distinguishing 
feature  between  amblyopia  congenital  and  acquired  is  that  the  former  cannot 
be  cured  by  use  of  the  eye,  whereas  the  latter  can,  or,  at  least,  there  is  some 
chance  of  its  being  done.  That  which  arises  from  disease  and  drugs  is 
curable  if  the  exciting  cause  be  removed. 

To  reduce  partial  amblyopia  in  one  eye  it  should  be  daily  exercised,  as 
described  under  ocular  exercises  {q.v.). 

The  Measurement  of  Squint  can  be  made  by  the  strabismometer  and 
more  accurately  by  the  perimeter. 

The  Strabismometer  (Fig.  68)  is  made  of  ivory  or  metal  and  shaped  to  fit 
beneath  the  edge  of  the  lower  lid.  The  good  eye  being  occluded,  the  zero  of 
the  scale  is  placed  beneath  the  centre  of  the  jjupil  of  the  squinting  eye  while 


Fig.  68. 

the  latter  is  directed  towards  a  distant  flame,  the  object  being  placed  on  the 
median  line.  The  good  eye  is  now  uncovered  and  fixes  the  fiame  while  the 
squinting  eye  deviates.  The  position  of  the  centre  of  its  pupil  then  gives 
the  measure  of  the  squint,  in  degrees  or  mm.,  by  the  number  on  the  scale 
over  which  it  is  situated.  This  is  the  primary  deviation,  i.e.  that  of  the  bad 
eye  when  the  good  one  fixes.  To  measm-e  the  secondary  deviation,  i.e.  that 
of  the  good  eye  when  the  bad  one  fixes,  the  instrument  is  placed  with  its 
zero  beneath  the  centre  of  the  pupil  of  the  good  eye  while  it  is  fixing;  the 
latter  is  then  occluded  and  the  deviation  that  occurs,  when  the  worse  eye 
turns  in  order  to  view  the  object,  is  read  on  the  scale.  The  strabismometer 
is  useful  for  the  measurement  of  horizontal  squints  only.     A  small  rule 
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serves,  although  roughly,  the  same  purpose  as  the  strabismometer.     The 
measure  of  the  squint  may  differ  in  near  and  distant  vision. 

The  Perimeter  has  been  elsewhere  described.  To  measure  a  squint  with 
it,  the  angle  y  or  k  must  be  first  determined.  If  an  eye  is  too  amblyopic  to 
fix,  the  angle  y  or  k  can  be  measured  on  the  good  eye  and  taken  to  be  the 
same  in  the  bad  eye. 

The  one  eye  E'  being  occluded,  the  other  E  (Fig.  69)  which  is  to  be 
measured  is  placed  in  the  centre  of  the  perimeter,  and  fixes  0  the  central 
spot  or  aperture.  A  lighted  candle  C  is  moved  round  the  arc  until  its  image 
is  seen  in  the  centre  of  the  cornea  and  the  angle  y  is  indicated  on  the  notation 
of  the  arc.  It  is,  however,  much  easier  to  locate  the  image  in  the  centre  of 
the  pu'pil,  and  the  angle  then  obtained  is  k.  which,  for  all  practical  purposes, 
is  identical  with  y. 


I 


To  measure  a  squint,  which  is  the  deviation  of  the  one  visual  axis  from 
parallelism  with  that  of  the  other  eye,  it  would  be  necessary  to  locate  the 
visual  axis,  but  this  cannot  well  be  done.  We  can,  however,  measure  the 
angular  distance  between  the  zero  of  the  arc  and  the  position  of  the  pupillary 
line  and  from  this,  knowing  angle  k,  we  can  determine  the  degree  of  squint. 
The  squinting  eye  E  is  placed  in  the  centre  of  the  perimeter  (Figs.  70  and  71) 
and  the  eye  E'  views  a  distant  object  placed  in  line  with  the  centre  0  of  the 
arc.  A  flame  C  is  moved  around  the  arc  of  the  instrument  until  its  image 
is  seen  in  the  centre  of  the  pujnl  of  the  squinting  eye  of  which  VE  is  the 
visual  axis.  The  angle  indicated  is  that  between  zero  and  the  corneal  line 
CE  so  that,  as  shown  in  Fig.  71,  angle  k  must,  in  convergent  strabismus, 
be  added  to  and,  in  divergent  squint  (Fig.  70),  deducted  from,  this  angle  in 
order  to  obtain  the  angular  degree  of  squint  which  is  the  angle  between  VE 
and  the  zero  line. 

Subjective  Measurement  of  Squint. — The  Maddox  groove  is  placed  in 
front  of  the  good  eye  and  the  bad  one  fixes  a  flame;  the  deviation  of  the 
streak  is  then  measured  either  on  a  large  tangent  scale  or  by  the  power  of 
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the  priam  which  combines  the  two  images.  This  test  is  difficult  if  the  squint 
is  of  high  degree  or  if  the  one  eye  is  amblyopic,  and  becomes  impossible  if 
binocular  vision  does  not  exist. 

Cure  oJ  Concomitant  Squint. — Since  the  squint  is  usually  the  result  of 
Am.,  correction  of  the  latter  is  sometimes  a  cure  for  the  former;  otherwise 
operation  must  be  resorted  to.  Even  if  an  operation  be  made,  corrective 
lenses  have  to  be  worn  constantly  because,  if  not,  the  squint  may  return. 
Sometimes  the  eyes  remain  straight  only  so  long  as  the  lenses  are  in  front 
of  them  and  deviate  immediately  they  are  removed.  This  is  specially  so 
in  those  cases  which  have  been  cured  without  operation.  Even  a  bent  frame, 
or  a  dirtied  lens,  which  prevents  binocular  vision,  may  cause  deviation  of 
the  one  eye. 


Fig.  70. — Divergent  Strabismus. 


V         0 

Fig.  71. — Convergent  Strabismus. 


The  cure  of  a  squint  involves  improvement  of  vision  in  the  amblyopic 
eye  (thus  producing  simultaneous  binocular  vision),  restoration  of  balance 
by  operation,  exercise  of  the  muscles  first  with  stereoscopes,  and  then  with- 
out, so  as  to  obtain  single  binocular  vision  and  enforced  binocular  reading. 
There  must  be  obtained  and  maintained  simultaneous  vision,  fusion  and 
stereoscopic  vision.  After  an  operation  there  may  be  diplopia  owing  to 
want  of  exact  parallelism  of  the  two  visual  axes;  this  is  cured  by  exercise, 
etc.  Also  a  false  diplopia  may  obtain  when  the  operation  has  caused  the 
visual  axes  to  be  parallel,  but  such  diplopia  usually  soon  disappears.  The 
cause  of  the  latter  is  that  a  squinting  eye  may  project  the  image  through  the 
nodal  point  along  some  line  other  than  the  true  visual  axis,  it  having  de- 
veloped a  kind  of  false  macula  in  the  sense  that  some  other  portion  of  the 
retina  had  become  and  is  still,  for  the  time,  after  operation  more  sensitive 
than  the  true  macula. 

Convergent  Concomitant  Strabismus. — This  is  the  commonest  form  of 
squint,  and  although  it  may,  owing  to  other  causes,  be  found  wth  any  refraC' 
tive  condition  of  the  eyes,  the  optical  condition  is  usually  that  of  H.  and  the 
latter  is  generally  the  direct  cause  of  the  squint.  There  may  be,  and  usually 
are,  contributory  influences,  as,  for  instance,  an  unequal  degree  of  H.  and 
therefore  of  vision  in  the  two  eyes,  a  disease  or  a  nebula  of  the  one  eye, 
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hysteria,  nervousness  or  illness,  or  an  anatomical  esophoria,  but  the  main 
cause  is  the  refractive  condition. 

Hypermetropic  convergent  strabismus  usually  commences  at  the  age  of 
2  or  3  years — sometimes  even  earlier — in  fact,  so  soon  as  the  child  com- 
mences to  learn  the  value  of  clear  vision;  it  very  rarely  occurs  after  the 
age  of  6.  In  order  to  obtain  clear  V.  in  H.,  some  Ac.  must  be  exerted  for  cc 
and,  if  equal  Con.  be  exerted,  the  eyes  are  converged  for  a  point  nearer 
than  that  for  which  vision  is  clear.  Suppose  a  case  of  H.  2D.;  to  see  at 
00  ,  Ac.  2  D.  must  be  exerted  and  if  it  be  accompanied  by  a  2  M.  A.  Con.  the 
point  of  binocular  fixation  is  50  cm.  while  that  of  Ac.  is  oo.  It  being  im- 
possible to  have  binocular  vision  at  co  or  clear  vision  at  50  cm.,  there  must 
result  either  (a)  a  greater  action  of  Ac.  than  of  Con.  with  clear  binocular 
vision,  or  (6)  equal  Ac.  and  Con.  with  blurred  binocular  vision,  or  clear 
monocular  vision.  Thus  every  hypermetrope,  when  young,  must  uncon- 
sciously elect  between  (1)  facultative  H.  with  clear  binocular  vision  probably 
with  discomfort,  (2)  absolute  H.  with  impaired  binocular  vision,  (3)  relative  H. 
- — i.e.  clear  monocular  vision  with  a  squint.  The  usual  condition  is  the  first, 
for  only  a  very  small  proportion  of  hy2:)ermetropes  actually  squint  and  most 
of  them  have  clear  vision. 

It  is  true  that  the  majority  of  hyperopes  have  Eso.  as  a  result  of  obtain- 
ing clear  binocular  vision,  but  training  seems  to  have  the  eSect  of  bringing 
about  inequality  of  result  with  equality  of  exertion  without  Asth.  The 
unconscious  selection  of  this  condition  must  result  from  the  fact  that  accom- 
modation in  excess  of  convergence  is  possible  in  low  H.  and  is  not  too  painful. 
In  medium  degrees  of  H.  likely  to  cause  squint,  the  ametrope,  having  un- 
consciously learnt  that  clear  binocular  vision  is  impossible  or  too  painful  to 
achieve,  chooses  between  blurred  vision,  i.e.  absolute  H.  without  a  squint, 
and  clear  vision,  i.e.  relative  H.,  with  a  squint.  The  deciding  factors  are 
usually  the  degree  of  error  and  inequality  of  error  in  the  two  eyes;  in  fact, 
upon  the  former  dejDends,  almost  exclusively,  which  of  the  three  conditions 
given  above  shall  be  present. 

We  must  not,  however,  lose  sight  of  the  possible  effect  of  intelligence  in 
this  connection  because,  whether  a  coincidence  or  not,  it  certainly  seems  a 
iact  that,  the  lower  the  social  scale — i.e.  the  nearer  it  is  to  that  in  which 
normal  vision  is  less  than  6/4 — the  more  prevalent  is  the  condition  of  con- 
vergent strabismus.  It  is  quite  probable  that  when  the  question  of  squint 
or  no  squint,  as  it  were,  hangs  in  the  balance,  the  inherent  intelligence  or 
mental  activity  of  the  child  decides  the  point,  preferring  binocular  clear, 
although  difficult  vision,  whereas  a  sluggish  and  backward  intelligence  would 
elect  to  squint  and  thereby  easily  obtain  comfortable,  though  monocular 
sight,  or  would  be  satisfied  with  blurred  vision. 

As  a  rule  a  degree  of  H.,  not  exceeding  3  D.  in  young  people,  is  facul- 
tative with  clear  binocular  V.,  an  error  between  3  and  5  or  6  D.  being  the 
amount  most  likely  to  produce  convergent  strabismus;  H.  of  more  than  5  or  6  D. 
_  would  very  probably  be  absolute  even  with  the  high  Amp.  of  accommodation 
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of  youth.  Of  course  there  are  exceptions,  and  the  foregoing  can  only  be 
taken  as  an  approximate  rule,  but  it  is  the  exception  to  find  convergent 
strabismus  in  H.  under  2  D.  or  over  6  D. 

It  is  not  difficult  to  understand  why  these  conditions  result.  When,  in 
small  differences,  it  is  possible  for  Ac.  to  be  exerted  in  excess  of  Con.,  we 
find  clear  binocular  vision.  If  tbe  degree  of  H.  be  medium,  say  3  D.  to 
5  D.,  the  difference  is  too  great,  so  that  vision  is  clear  but  monocular,  there 
being  convergent  strabismus.  In  the  high  degrees — those  over  about  5  D. 
— we  can  understand  that  the  excessive  Ac.  alone  needed  for  clear  V.  is 
so  difficult  or  painful,  even  if  accompanied  by  equal  Con.,  that  the  effort 
is  abandoned  and  preference  is  given  to  blurred  binocular  V.  Again,  if 
there  is  unequal  "binocular  V.  in  any  circumstances,  as  when  one  eye  is 
amblyopic  or  has  the  higher  ametropia,  that  eye  is  allowed  to  wander  and 
the  whole  attention  concentrated  on  clear  monocular  vision  with  the  better 
eye,  natural  esophoria  being  an  influencing  factor. 

The  deviation  of  the  squinting  eye,  expressed  in  metre  angles,  is  not, 
however,  merely  equal  to  the  diopters  of  H.,  but  greatly  exceeds  it.  This 
results  because  the  external  recti  are  already  functionally  weaker  than  the 
internal,  so  that,  so  soon  as  fusion  is  abandoned,  the  stronger  internal  recti 
deviate  the  squinting  eye  to  the  position  of  rest,  and  such  deviation  is  the 
total  of  the  two  eyes.  Further,  the  squinting  eye  is  unconsciously  deviated 
still  more,  or  as  much  as  possible,  in  order  that  its  image  may  be  formed 
as  remote  as  possible  from  the  macula.  As  before  stated,  this  facilitates  the 
suppression  of  the  image  because  it  is  then  less  clear,  and  projected  as  remote 
from  the  object  seen  clearly  by  the  undeviated  eye.  Thus  in  H.  3  D.  with 
convergent  squint,  when  the  one  eye  fixes  an  object,  the  other  is  deviated 
to  an  extent  greater  than  3  M.  A. — probably  10  M.  A.  or  more. 

If  periodic,  the  squint  may  occur  in  order  to  make  vision  clear,  or  when 
fatigue  of  the  external  recti  causes  them  to  relax  their  usual  tension.  It 
may  occur  only  in  near  vision,  the  eyes  not  deviating  for  distance,  either 
because  Ac.  can  be  exerted  in  excess  of  convergence  for  oo,  or  because,  for 
distance,  the  H.  is  allowed  to  be  absolute  and  vision  binocular.  Sometimes, 
though  rarely,  one  may  find  a  high  error  with  a  low  degree  of  squint,  but  the 
sense  of  fusion  would  be  absent. 

Cure  of  Convergent  Strabismus. — If  caused  by  H.,  the  correction  of  the 
refractive  error  should,  in  theory,  cure  the  squint.  In  practice  it  is  not  so 
easy  because — 

(a)  The  angular  deviation  of  the  squinting  eye  in  metre  angles  is  far 
greater  than  the  existing  H.  expressed  in  diopters. 

(6)  The  visual  acuity  of  the  deviating  eye  is  lowered. 

(c)  The  fusion  sense  is  diminished  or  lost. 

The  successful  issue  to  an  attempt  to  cure  convergent  strabismus  with 
Cx.  lenses  depends  essentially  on  (b)  and  (c). 

The  amblyopia  produced  by  the  squint  depends  on  the  length  of  time 
the  latter  has  existed,  or  rather  on  the  time  it  has  been  monolateral.     The 
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loss,  or  suppression,  of  the  fusion  sense  depends  similarly  on  the  duration  of 
the  squint.  Thus  the  age  of  the  subject  is  the  all-important  factor  in  the 
possibility  of  the  cure  of  convergent  concomitant  squint  by  means  of  "Cxr 
lenses.  If  the  squint  is  of  long  standing  so  that  the  one  eye  is  highly  ambly- 
opic, or  if  the  fusion  sense  is  lost  or  had  never  existed,  any  attempt  to  cure 
the  squint  by  lenses  is  hopeless.  Nevertheless  Cx.  lenses  will  sometimes 
reduce  the  degree  of  deviation  and  make  it  less  disfiguring,  and,  of  course, 
operation  will  have  that  effect  in  any  case.  As  a  rule  in  adults,  and  always 
in  children,  it  is  necessary  in  convergent  strabismus  to  measure  the  refrac- 
tion under  a  cycloplegic.  In  addition,  the  eyes  require  to  be  kept  for  a  time 
under  the  influence  of  drugs  and  the  lenses  first  used  when  Ac.  is  at  rest. 
Further,  the  question  of  whether,  or  not,  operation  is  indicated  is  one  for 
a  surgeon's  decision,  so  that  from  all  points  of  view  squint  should  not  be 
treated  by  the  optician  if  an  ophthalmic  specialist  is  available. 

Seeing  that  the  above  factors  (6)  and  (c)  are  the  main  difficulties  in  the 
cure  of  squint,  it  follows  that,  as  compared  with  the  constant  monolateral 
type,  periodic  and  alternating  strabismus  are  much  easier  to  cure  with  lenses 
because,  in  these  conditions,  the  one  eye  has  not  become  amblyopic;  it  is 
essential,  however,  that  the  fusion  sense  should  exist.  With  respect  to  the 
lenses  themselves  the  important  points  are  (1)  that  the  spherical  correction  / 
should  be  as  full  as  possible  and  any  existing  As.  be  fully  corrected,  and  J  I 
(2)  the  lenses  should  equalize  the  accommodative  action  and,  as  far  as  possible,  J 
the  visual  acuity  of  the  eyes.  The  lenses  must  be  worn  constantly.  Some  \  I 
time — a  few  weeks — must  elapse  before  it  is  possible  to  say  whether  lenses  \ 
will,  or  will  not,  cure  a  convergent  squint  without  operation.  When  a  squint  \ 
is  corrigible  by  lenses  alone,  it  points  to  being  a  condition  akin  to  exag-  l 
gerated  Hetero.  \ 

Convergent  Squint  in  Children. — The  optician  is  often  consulted  upon  this 
point,  and  the  only  conscientious  advice  to  be  given  is  that  an  ophthalmic 
surgeon  be  consulted.  Glasses  cannot  well  be  given  to  a  child  before  he  is 
3  or  4  years  old,  and  if  the  child  is  younger  there  is  danger  of  amblyopia 
and  loss  of  the  fusion  faculty  in  the  meantime.  The  use  of  cycloplegics  is  of 
prime  importance  in  this  connection. 

Spontaneous  Cure. — It  would  be  rash  even  to  suggest  that  a  squint  in  a 
child  will  disappear  of  its  own  accord.  Nevertheless  such  cases,  although 
rare,  do  occur,  but  even  then  the  one  eye  may  be  amblyopic  and  useless  for 
vision;  also  squint  occasionally  becomes  lessened,  or  even  disappears,  in  old 
age — at  least  it  is  not  an  uncommon  occurrence  to  meet  people  with  normal 
balance  who  assert  that  they  used  to  squint,  and  that  they  have  never  had 
any  kind  of  treatment  for  its  cure,  and  many  authorities  state  this  to  be  the 
case. 

Infantile  Squint. — Many  babies  before  they  learn  to  fix,  or  observe  clearly, 
have  periodic  strabismus.  This  disappears  as  soon  as  the  fusion  sense  is 
developed. 


\ 
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Divergent  Concomitant  Strabismus. — Occasionally  this  condition  is  met 
with  in  H.  or  Em.,  but  usually  it  is  the  result  of  uncorrected  M.  produced  in 
the  same  way  as  Exo.  in  that  condition.  The  age  at  which  myopic  concomi- 
tant squint  appears  is  between,  say,  16  and  24  years;  before  this  the  degree 
of  M.  is  not  generally  so  high  as  to  induce  strabismus.  It  is  said  to  be  more 
frequently  found  in  the  right  than  the  left  eye. 

The  excessive  amount  of  Con.  demanded  in  high  M.  without  the  necessary 
innervation  of  Ac.  causes  the  internal  recti  to  become  functionally  and, 
perhaps,  actually  weakened.  This  weakness  increases  with  the  degree  of  M. 
itself  for,  as  the  reading-point  approaches  still  nearer  to  the  eyes,  the  diffi- 
culty with  Con.  becomes  still  more  pronounced.  Ultimately  the  myope 
learns  that  he  can  relieve  the  asthenopia  by  holding  print  to  one  side  and 
employing  only  the  one  eye  for  reading.  The  other  eye  is  then  allowed  to 
turn  outwards  and,  the  external  recti  being  relatively  stronger  than  the  internal, 
the  amount  of  divergence  which  ensues  is  much  greater  than  would  result 
from  the  use  of  one  eye  only  in  orthoj)horia  or  even  exophoria,  as  when 
looking  through  a  telescope  or  microscope.  At  first  the  resulting  squint  is 
periodic  in  that  it  occurs  only  when  the  eyes  are  fatigued  or  when,  in  order 
to  view  a  very  small  object,  it  is  brought  unusually  close  to  the  eyes.  Later 
it  becomes  permanent  for  all  close  work,  and  at  this  stage  it  may  be  alter- 
nating, the  one  or  the  other  eye  fixing  in  turn.  This,  however,  is  not  very 
common  in  divergent  concomitant  strabismus. 

The  periodic  type  of  divergent  strabismus  may  be  regarded  as  an  exag- 
gerated case  of  exophoria,  which  muscular  state  must  exist  before  a  divergent 
strabismus  results.  It  is  demonstrated,  as  is  high  Exo.,  by  the  pencil  test. 
Later  the  squint  becomes  constant  and  monolateral,  one  and  the  same  eye 
being  always  employed  for  both  distant  and  near  vision;  generally  the 
deviating  eye  has  higher  M.  or  more  As.  than  the  other.  When  the  squint 
is  in  the  periodic  stage,  there  are  complaints  of  more  or  less  transient  diplopia 
as  the  eyes  pass  from  binocular  to  monocular  fixation.  This  occurs  when 
fatigue  of  the  internal  recti  causes  them  to  relax  so  that,  for  the  moment, 
the  images  of  the  object  viewed  fall  on  non-corresponding  parts  of  the  retinae 
which  are  sufficiently  near  to  the  maculae  to  be  appreciated.  When  the 
squint  is  constant,  there  are  rarely  complaints  of  double  vision;  the  image, 
in  the  deviating  eye,  is  so  far  from  the  macula  and  is  projected  into  space 
so  faint  and  remote  from  the  other  image  that  it  is  therefore  ignored  or 
mentally  suppressed.  Thus  the  degree  of  squint  is  unconsciously  increased, 
and  the  eye  allowed  to  roam  as  far  as  possible  in  order  that  the  image  of 
that  eye  may  be  the  more  easily  ignored.  This  is  facilitated  by  the  habit, 
indulged  in  by  myopes,  of  high  degree  with  divergent  strabismus,  of  holding 
a  book  to  one  side  and  reading  in  a  manner  somewhat  similar  to  that  in  which 
a  squirrel  views  a  nut. 

The  deviating  eye,  in  constant  divergent  strabismus,  soon  becomes 
amblyopic  from  non-use,  but  not  so  rapidly,  nor  to  so  great  an  extent,  as 
in  convergent  strabismus  associated  with  H.     In  the  first  place,  it  com- 
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mences  much  later  in  life  and,  in  the  second,  the  eye  is  turned  outwards  and 
receives  more  light  from  the  periphery  of  the  field  than  in  convergent  squint. 
Divergent  squint  is  less  likely  to  result  if,  prior  to  the  acquisition  of  M., 
the  muscular  balance  was  anatomically  esophoric  and  more  likely  if  it  was 
exophoric. 

Cure  of  Divergent  Strabismus. — If  the  defect  is  caused  by  M.  it  should, 
in  theory,  be  cured  by  correction  of  the  latter,  but  in  practice  this  ideal  is 
destroyed  because — 

(a)  The  deviation  in  metre  angles  greatly  exceeds  the  degree  of  M.  ex- 
pressed in  diopters. 

(b)  There  is  amblyoi)ia  of  the  squinting  eye. 

(c)  There  is  perhaps  a  diminished  fusion  faculty. 

Nevertheless  Cc.  lenses  tend  to  cure  divergent  squint  caused  by  M.  In 
the  first  place  they  remove  the  distance  of  close  work  and  consequently  the 
necessity  for  excessive  Con.:  in  the  second  place  they  induce  Ac.  so  that  Con. 
is  rendered  more  easy.  In  the  third  place,  with  the  lenses,  the  image  in  the 
deviating  eye  lies  nearer  to  the  macula,  is  sharper,  and  is  projected  nearer 
to  the  other,  so  that  an  effort,  which  may  be  successful,  is  made  to  fuse  them, 
especially  since  Con.  is  a  positive  fimction.  As  in  convergent  strabismus, 
the  governing  factors  are  the  degree  of  amblyopia  of  the  squinting  eye  and 
the  presence  or  absence  of  the  fusion  faculty.  If  the  visual  acuity  of  the 
one  eye  is  reduced  and  cannot  be  improved,  or  if  the  sense  of  simultaneous 
vision  does  not  exist,  there  is  no  hope  of  a  cure  by  lenses,  the  only  remedy 
being  operative.  The  periodic  and  alternating  varieties,  provided  the  fusion 
faculty  is  possessed  in  the  latter,  are  naturally  more  susceptible  to  the  correct- 
ing influence  of  lenses.  The  latter  selected  should  be  those  which  cause  near 
work  to  be  done  at  as  great  a  distance  as  possible,  say  not  less  than  40  cm. ; 
they  should  therefore  be  as  strong — up  to  full  correction — as  the  accom- 
modative power  will  allow.  They  must  equalize  the  accommodative  action 
of  the  two  eyes  and  should  equalize  the  visual  acuity  if  possible,  and  any  As. 
must  be  fully  corrected.  The  glasses  suited  for  close  work  should  be  worn 
constantly. 

The  Use  of  Prisms  in  Concomitant  Squint. — For  the  cure  of  squint  prisms 
are  useless,  except  occasionally  for  the  following  purpose.  If  diplopia  is 
elicited  but  the  two  images  are  too  far  apart  to  be  fused  and  the  one  is  faint 
owing  to  its  position  in  the  deviating  eye,  prismatic  power  may  be  advan- 
tageously employed  for  the  purpose  of  bringing  that  image  nearer  to  the 
macula  so  that  it  becomes  clearer  and  capable  of  fusion  with  the  other. 
Such  prisms  must,  on  no  account,  cause  fusion  directly,  but  be  merely  the 
indirect  cause  of  it.  Further,  they  must  be  given  as  a  temporary  measure 
only,  and  must  be  gradually  reduced  in  strength  as  the  muscles  become 
more  balanced  in  their  action.  In  divergent  squint  prisms  base  in  are  more 
likely  to  prove  valuable  than  are  prisms  base  out  in  convergent  squint.  If 
the  lenses  are  strong  enough,  the  same  effect  may  be  produced  by  mounting 
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them  in  a  frame  wliich  is  too  wide  and  gradually  reducing  its  width.  A  frame 
too  wide  with  Cx.  lenses  gives  the  effect  of  —  prisms,  with  Cc.  lenses  of 
+  prisms. 

Operation  for  SQuint. — This  consists  of  tenotomy  of  the  over- acting  muscle, 
or  advancement  of  the  weaker  muscle,  or  both.  Operation  is  indicated 
when  lenses,  exercise,  etc.,  fail  to  cure  a  squint  and  especially  if  the  latter 
exceeds,  say,  25°.  An  operation  is  also  sometimes  made  for  the  cosmetic 
effect  obtained,  although  the  one  eye  is  quite  amblyopic  and  useless  for 
vision.  A  distinction  is  made  between  over-action,  pointing  to  tenotomy,  or 
weakening,  of  a  muscle  as  a  cure,  and  to  under-action  of  its  antagonist, 
j)ointing  to  its  strengthening  by  advancement  or  shortening. 

If  there  is  simultaneous  vision  and  any  reasonable  degree  of  acuity  in  the 
squinting  eye,  operation  is  not  usually  resorted  to  until  an  attempt  has  been 
made  to  cure  the  squint  without  it.  Even  in  convergent  monolateral  stra- 
bismus these  conditions  may  apply  up  to,  say,  15  years  of  age  and  in  diver- 
gent squint  at  a  much  later  period.  In  periodic  and  alternating  squint, 
lenses  may  effect  a  cure  at  any  period  of  life.  Occasionally  one  meets  with, 
say,  a  divergent  squint  caused  by  an  operation  for  the  cure  of  a  convergent 
squint  and  vice  versa. 

Fusion  and  Amblyopia  Exercises. 

The  Stereoscope. — To  exercise  fusion  (and  divergence)  a  stereoscopic  box 
may  be  employed  without  prisms  but  with  lenses  whose  focal  length  is  equal 
to  the  depth  of  the  box.  In  each  division  a  card  bearing  half  of  a  letter 
is  placed,  the  distance  between  the  cards  being  variable.  At  the  commence- 
ment they  must  be  sufficiently  near  to  each  other  for  fusion  to  occur,  after 
which  gradual  separation  and  approximation  of  the  cards  serves  as  a  gym- 
nastic exercise.  Here  there  is  no  Ac.  and  the  effect  on  the  muscles  is  in- 
creased if  the  lenses  be  gradually  lessened  in  strength  to  allow  of  Ac.  during 
the  exercise.  Instead  of  moving  the  card,  varying  prism  power  can  be 
obtained  by  altering  the  separation  of  the  lenses.  These  stereoscoi)ic  exer- 
cises mentioned  serve  for  exercising  fusion,  the  test  objects  being  parts 
of  a  letter,  a  face  and  a  figure,  the  one  a  mouse  and  the  other  a  trap,  a  bird 
and  a  cage  or  any  combination  such  that  only  by  fusion  can  a  complete 
picture  be  obtained.  In  many  of  these  exercises  it  is  advisable  to  lessen 
the  acuity  of  the  better  eye  to  equalize  it  with  the  worse  eye.  This  can  be 
done  by  using  a  smoke  glass,  or  reduced  illumination,  for  the  one  picture. 

The  Worth-Black  Amblyoscope  is  an  ingenious  instrument  for  stimulate 
ing,  exercising  and  developing  the  fusion  faculty.  It  consists  of  two  bent 
tubes  through  which  two  pictures  are  seen  and  fused:  one  set  of  pictures 
is  designed  specially  for  stimulating  binocular  vision,  another  for  stimulating 
fusion,  and  the  third  for  inducing  stereoscopic  impression.  The  distance 
between  the  pictures,  as  well  as  the  intensity  of  illumination  of  each  picture, 
can  be  easily  varied . 
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Exercises  with  children  are  usually  carried  out  by  the  surgeon  himself  or 
under  his  direction,  as  binocular  vision  and  fusion,  in  some  cases,  is  induced 
only  by  the  most  careful  manij)ulation.  Where  there  is  convergent  stra- 
bismus in  children,  the  period  of  life  during  which  an  impaired  fusion  sense 
can  be  best  remedied  is  between  3  and  6  years;  before  3  the  child  is  too 
young  to  become  interested  in  pictures  and  after  6  or  7  the  faculty  is  often 
too  much  depleted  to  be  restored.  Nevertheless  these  limitations  vary  with 
the  eyes  themselves,  with  the  intelligence  of  the  child,  and  with  the  skill  of 
the  surgeon. 

Other  Exercises  for  the  muscles  are  described  in  Chap.  X.  and  more 
simple  ones  for  fusion  and  amblyopia  in  Chap.  XV. 


Paralytic  Squint  and  Diplopia. 

Paralytic  Squint. — -This  is  caused  by  some  grave  disorder  and  is  a  condi- 
tion which  need  not  be  discussed  in  a  non-medical  work.  A  few  of  the 
symptoms,  however,  by  which  it  may  be  recognized  are  given.  The  optician, 
moreover,  may  be  entrusted  by  a  surgeon  with  the  selection  of  prisms  to 
enable  a  person  to  see  singly.  Paralytic  squint  may  be  constant,  or  it  may 
be  periodic  in  the  sense  that  it  is  not  noticeable  under  certain  conditions.  It 
is  also  periodic  in  its  early  stages,  and  may  make  its  appearance  at  any  age. 

The  essential  difference  between  paralytic  and  concomitant  strabismus 
lies  in  the  nature  of  its  origin.  In  the  former  one  individual  muscle,  or 
group  of  muscles,  is  affected,  and  therefore  there  is  no  constant  yoked  or 
conjugate  action  of  the  eyes  in  their  various  excursions;  neither  does  the 
angle  between  the  visual  axes  remain  constant,  for  the  simple  reason  that,  as 
the  eyes  are  turned  in  the  direction  of  the  paralyzed  muscle  or  muscles,  the 
degree  of  squint  increases.  On  the  other  hand,  for  a  certain  lateral  oi 
vertical  position  of  the  eye  there  may  be  no  manifest  deviation  at  all  and, 
in  fact,  a  prominent  symptom  is  the  carriage  of  the  head  towards  one  shoidder 
or  upwards  or  downwards,  as  the  result  of  unconscious  effort  to  keep  the  eyes 
turned  with  respect  to  the  affected  muscles,  so  as  to  secure  single  binoculai 
vision. 

To  Recognize  Paralytic  Squint. — The  deviation  is  not  highly  marked  on 
ordinary  observation,  because  the  subject  turns  his  head  to  avoid  diplopia. 
The  head  is  therefore  frequently  held  inclined,  there  are  complaints  of  double 
vision,  and  in  the  card  test  the  secondary  deviation  is  greater  than  the 
primary,  because  then  the  affected  muscle  must  act  and,  the  great  effort 
needed  for  fixation  by  the  affected  eye  being  communicated  to  the  sound 
corresponding  muscle  of  the  other  eye,  a  greater  deviation  of  the  latter  is 
caused. 

When  the  eyes  follow  an  object  moved  in  different  directions  the  squint, 
and  therefore  the  diplopia,  increases  as  the  object  is  moved  in  that  direction 
towards  which  the  affected  muscle  would  normally  turn  the  eye;  it  may 
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entirely  disappear  when  the  eyes  turn  in  the  opposite  direction.  The  excur- 
sions of  the  eyes  are  unequal  in  different  directions  so  that,  when  movement 
is  made  towards  the  affected  muscles,  the  bad  eye  lags  behind  the  other  and 
stops  after  making  two  or  three  jerky  movements.  The  same  may  occur  in 
the  pencil  test.  All  these  are  practically  the  reverse  of  symptoms  of  con- 
comitant squint.  In  some  cases,  however,  the  deviation  is  very  marked, 
and  the  effects  of  diplopia  are  proportionately  reduced. 

Diplopia  or  double  vision  results  when  the  image  in  the  one  eye  does  not 
correspond  with  that  of  the  other;  it  may  therefore  be  produced  artificially 
by  a  prism. 

The  primary  essential  of  simultaneous  binocular  and  single  vision  is  that 
the  two  retinal  images  should  correspond,  and  this  obviously  cannot  occur  in 
strabismus. 

Homonymous  or  uncrossed  diplopia  results  whea  the  left  image  belongs  to 
the  left  eye  and  vice  versa ;  it  is  caused  by  convergent  strabismus.  Heterony- 
mous or  crossed  dij)lopia  results  when  the  right  image  belongs  to  the  left  eye 
and  vice  versa,  and  is  caused  by  divergent  strabismus.  Diplopia  may  be  also 
vertical  or  oblique.  The  false  image  is  always  on  the  side  of  the  affected 
muscle,  the  eye  being  deviated  in  the  opposite  direction. 


Fig.  72. — Convekgent  Strabismtjs: 
homonymotjs  diplopia. 


F1G.573. — Divergent  Strabismus: 

'HETEROKYMOrS  DIPLOPIA. 


The  macular  images  in  the  two  eyes,  whether  of  the  same  or  of  different 
objects,  are  always  referred  to  mentally  coincident  points  in  space.  When 
in,  say,  convergent  squint  of  the  left  eye,  it' is  desired  to  view  an  object  P 
by  the  fixing  eye,  the  squinting  eye  (Fig.  72)  is  directed  towards  some  other 
object  P'  so  that  the  macular  images  M  and  M'  are  mentally  referred  to  two 
overlapping  points  pp' .  The  extra-macular  image  x  of  P,  i.e.  the  false  image 
seen  by  the  left  eye,  is  referred  out  to  x'  on  the  left  of  the  coincident  images 
pj)  and  the  diplopia  is  therefore  homonymous,  since  the  false  image  is  seen 
on  the  same  side  as  the  squinting  eye.  The  macular  image  M'  in  the  squint- 
ing eye  is,  however,  ignored  because  the  attention  is  concentrated  on  the 
object  P. 
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Similarly,  in  divergent  strabismus  (Fig.  73)  of  the  left  eye,  x'  is  the  false 
image  referred  out  on  the  right  of  f-p',  and  as  this  is  on  the  opposite  side 
to  the  squinting  eye,  the  diplopia  is  crossed  or  heteronymous.  In  fact, 
the  same  reasoning  holds  good  for  any  deviation,  whether  lateral,  vertical 
or  oblique,  the  false  image  being  always  referred  back  in  space  to  the  same 
side  as  the  affected  muscle  or,  more  exactly,  in  the  direction  opposite  to  the 
deviation  of  the  eye. 

Naturally  the  separation  of  the  two  images  is  greater  as  the  squint  is 
greater,  and  if  there  were  diplopia  with  a  concomitant  squint  the  separation 
would  be  equal  for  any  position  of  the  object  at  a  constant  distance.  This 
is  not,  however,  the  case  in  paralytic  squint,  where  the  deviation  varies 
exceedingly  for  different  positions  of  the  object.  The  diplopia  is  trouble- 
some and  noticeable  in  the  latter  case  because  the  two  images  are,  in  general, 
near  to  each  other  and  the  afiected  eye  has  not  the  same  opportunity  to 
become  amblyopic  as  in  concomitant  strabismus.  The  remedy  unconsciously 
sought  is  closure  of  the  one  eye  or  inclination  of  the  head,  or  the  diplopia 
can  be  removed  by  the  use  of  prisms.  It  can  be  permanently  removed  only 
by  curing  the  squint  itself. 


0'        0 


Fig.  74.  Fig.  75. 

It  is  difficult  to  reconcile  the  text  and  diagrams  with  the  statement  that 
the  mental  projection  of  the  image  is  through  the  nodal  point,  nevertheless 
they  do  not  clash.  The  mind  projects  the  two  macrdar  images  to  the  same 
locus  in  space,  but  one  only,  that  of  the  fixing  eye,  is  appreciated.  The 
relative  positions  of  all  the  points  on  each  retinal  field  maintain  the  same 
relative  positions,  so  that  the  projections  of  each  point  of  each  field  is  true; 
it  is  the  projection  of  the  whole  of  the  one  field  that  is  false.  A  better  con- 
ception may  be  obtained  by  imagining  two  separate,  but  similar,  retinal 
fields  firstly  as  coincident  and  then  slipped  away  from  each  other,  crossing 
them  for  convergent  and  separating  them  for  divergent  squint  owing  to 
displacement  of  the  object  field  in  the  opposite  direction,  just  as  if  the  good 
eye  were  viewing  one  field  and  the  deviating  eye,  not  displaced  at  all,  were 
viewing  another  exactly  similar  field  in  a  different  position. 

This  is  illustrated  in  Fig.  74,  where  the  fundus  of  a  mental  eye  is  shown 
in  a  case  of  convergence  of  the  left  eye.  M  is  the  image  seen  by  the  right 
eye  and  M'  that  seen  by  the  left,  as  if  a  doubled  object  00'  (Fig.  75),  seen 
by  the  reader  from  the  back,  were  being  viewed. 

It  must  be  remembered  that  the  mind  is  not  cognizant  of  a  deviation  of 
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the  one  eye.  The  direction  of  projection  is  guided  by  the  median  line  of 
the  head  or,  more  properly,  by  the  direction  of  the  visual  axis  of  the  good 
eye,  and  no  matter  how  much  the  two  macuhe  may  differ  in  position  the 
images  received  by  them  are  projected  to  the  same  place  in  space.  Since, 
however,  when  one  eye  deviates  the  macular  image  of  the  squinting  eye 
differs  from  that  of  the  other  and,  since  the  mind  cannot  occupy  itself  with 
two  different  views  at  the  same  moment,  the  macular  image  of  the  deviating 
eye  is  mentally  suppressed  in  favour  of  that  of  the  guiding  eye;  at  the  same 
time  the  mind  appreciates  the  duplication  of  the  guiding  macular  image 
resulting  from  the  non-macular  image,  of  the  same  object,  formed  in  the 
deviated  eye.  The  mind  can  see  two  different  objects,  but  it  prefers 
the  same  object  duplicated,  at  a  given  moment. 

Determination  of  the  Affected  Muscle. — ^The  prism  which  remedies  the 
diplopia  must  be  placed  base  towards  the  affected  muscle  or  obliquely  if  the 
diplopia  is  oblique.  It  is  first  necessary  to  ascertain  which  is  the  affected 
eye  and  which  the  affected  muscle  or  muscles. 

Place  a  lighted  candle  at  a  convenient  distance,  say  6  metres,  in  the 
median  line  immediately  facing  the  subject.  Put  a  red  glass  in  front  of  the 
one,  and  a  green  glass  in  front  of  the  other  eye  so  that  red  and  green  flames 
are  seen.  The  head  being  kept  steady,  ascertain  if  the  images  are  level  or 
whether  the  one  is  higher  than  the  other,  or  whether  they  are  separated 
both  horizontally  and  vertically. 

Then  move  the  light  in  the  horizontal  plane  to  the  right  and  left,  and 
ascertain  in  which  direction  the  images  are  more  separated;  the  separation 
is  greater  on  the  side  of  the  affected  muscle.  Ascertain  which  image  is  the 
more  remote;  this  pertains  to  the  affected  eye.  Thus  suppose  the  red  glass 
is  before  the  right,  and  the  green  before  the  left  eye.  If  the  separation 
is  greater  when  the  candle  is,  say,  to  the  right,  then  either  the  right  external 
or  left  internal  rectus  is  faulty.  Suppose  the  red  flame  is  the  more  remote; 
this  pertains  to  the  right  eye.  Thus  the  affected  muscle  is  the  right  external 
rectus.  The  diagnosis  is  not,  however,  always  so  simple  as  the  foregoing 
appears,  because  frequently  the  deviation  is  not  only  horizontal,  but  also 
vertical.  Moreover,  there  may  be  torsion  of  the  eye  so  that  the  image  is 
seen  obliquely. 

To  Find  the  Correcting  Prism. — Since  the  diplopia  varies  with  the  posi- 
tion and  distance  of  the  object  viewed  and  with  the  position  of  the  head, 
and  since  the  effect  of  a  prism  varies  with  the  inclination  of  the  eye  to  it, 
no  single  prism  can  be  exactly  suited  for  all  distances  and  all  purposes; 
it  should  be  selected  for  that  position  and  distance  in  which  it  is  most  required. 

If  there  is  only  horizontal,  or  only  vertical,  diplopia  that  weakest  prism 
base  towards  the  affected  muscle  is  found  which  causes  fusion  of  the  two 
images.  If  there  is  both  horizontal  and  vertical  separation,  there  should 
be  first  found  the  horizontal  prism  which  brings  the  two  images  into  the 
same  vertical  plane,  and  then  the  vertical  prism  that  causes  fusion  in  the 
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horizontal  plane.  The  two  can  then  be  resolved  into  a  single  resultant 
prism.  It  is  better  to  divide  the  power  of  the  prism  between  the  two  eyes, 
as  would  be  done  for  Hetero.,  for  then  the  fused  image  is  projected  to  the 
median  line,  which  is  not  the  case  if  one  prism  only  be  used.  Also  distortion 
and  chromatism  are  not  so  pronounced. 

The  correcting  jDrisni  produces  single  vision  by  bending  the  incident 
light  from  the  object  so  that,  on  entering  the  eye,  it  forms  an  image  on  the 
macula;  then  the  two  images  correspond  and  are  fused  into  one  as  shown 
in  Figs.  76  and  77. 


Fig.  76. — Uncrossed  Diplgpia 

CORRECTED   BY   PrISM  BaSE   OUT. 


Fig.  77. — Crossed  Diplopia 

CORRECTED   BY   PrISM  BaSE   IN, 


Position  of  the  Head. — -Diplopia  disappears  in  paralytic  squint  when  the 
object  is  situated,  with  respect  to  the  eyes,  on  the  opposite  side  to  the  affected 
muscle.  Thus  if  the  right  external  rectus  were  affected,  there  would  be  no 
double  vision  of  an  object  when  it  is  moved  to  the  left,  because  both  eyes 
can  turn  to  the  left  and  fuse  the  images.  Instead  of  turning  the  eyes,  the 
same  effect  is  produced  by  turning  the  head  in  the  opposite  direction,  i.e.  if 
an  object  in  the  median  plane  were  seen  double,  but  becomes  single  if  moved 
to  the  left,  then  it  can  be  seen  singly  in  the  median  plane  by  rotating  the  head 
to  the  right.  Similarly  inclining  the  head  backwards  or  forwards  has  the 
same  effect  as  lowering  or  raising  the  eyes  respectively. 
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CHAPTER  XII 
PRESBYOPIA 

Derivation. — .rpe<rfio^,  old;  «>if',  eye. 

Definition. — Pr.  is  usually  defined  as  that  condition  in  whicli  the  P.  P. 
has  receded  beyond  22  cm.  or  9  in.,  i.e.  it  is  presumed  to  exist  when  the 
Amp.  of  Ac.  is  below  4-5  D.  This  definition,  based  on  the  recession  of  the 
P.  P.  to  a  given  arbitrary  fixed  distance,  is  one  that  does  not  apply  in  many 
cases.  Some  people  are  presbyopic  when  the  Amp.  of  Ac.  is  higher  than 
4*5  D.,  while  some  are  not  even  with  a  much  lower  Amp.  Pr.  can  be  rather 
defined  as  that  condition,  due  to  age,  in  which,  when  the  efforts  of  Ac.  and 
Con.  are  equal,  the  amount  of  Ac.  exerted  is  insufficient  for  clear  vision  at 
the  reading  distance.  It  can  also  be  defined  as  that  condition  in  which— on 
account  of  increased  age — additional  Cx.  power  is  required  for  near  vision. 


Fig.  78. — Showing  the  Conjugate  Focus,  of  a  Near  Object,  behind  the 
Retina  of  a  Peesbyopic  Eye. 


The  Optical  Condition. — When  the  static  refractive  power  of  the  eyes  is 
sufficient  to  bring  parallel  rays  to  a  focus  at  the  retina  there  is  not,  in  theory, 
sufficient  auxiliary  power  for  the  light  diverging  from  some  near  point;  the 
focus  of  this  divergent  light  is  then  behind  the  retina  as  shown  in  Fig.  78. 
Actually,  in  incipient  Pr.  there  may  be  sufficient  Ac.  for  near  vision  if  only 
sufficient  effort  be  made. 

Presbyopia  can  be  illustrated  by  holding  a  Cx.  lens,  at  a  distance  equal 
to  F,  in  front  of  a  screen.  Then  if  a  source  of  light  is  brought  from  oo  up  to 
some  near  distance,  the  image  is  no  longer  sharp  and,  in  order  that  it  may  be 
rendered  clear,  there  is  needed  an  additional  power  equal  to  the  distance  of 
the  object  expressed  in  diopters.  This  the  presbyopic  eye  cannot  supply 
wholly  or  in  part,  as  the  case  may  be,  by  means  of  accommodation. 
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The  Natural  Reading  Distance. — Apart  from  optical  or  other  defects 
which  may  cause  print,  of  necessity,  to  be  held  nearer,  the  natural  reading 
distance  is  generally  that  which  results  when  the  arms  are  bent  at  right 
angles.  Consequently  the  reading  distance  depends  on  the  height  of  the 
subject,  and  generally  it  is  more  distant  with  men  than  with  women.  An 
average  distance  of  40  cm.  or  16  in.  is  so  common  that,  throughout  this 
chapter,  it  will  be  taken  as  the  reading  distance,  but  it  must  be  understood 
that  some  require  a  lesser  distance,  say  33  cm.  or  13  in.,  and  some  a  greater. 
In  extreme  old  age  the  reduced  V.  A.  necessitates  a  reading-point  of  about 
25  cm.  or  10  in.  Therefore,  in  order  to  obviate  the  necessity  of  repeated 
reference  to  this  fact,  the  reader  must  take  it  that  when  -iO  cm.  or  2-5  D.  is 
referred  to,  the  distance,  in  any  individual  case,  may  be  greater  or  less. 

Cause  of  Pr. — The  cause  of  Pr.  is  lessened  accommodative  action  due  to 
loss  of  resiliency  in  the  crystalline  lens  which  has  become  harder.  The 
hardening  of  the  Crys.  commences  quite  early  in  life,  at  10  years  of  age  or 
so,  and  perhaps  earlier.  We  do  not,  however,  consider  this  a  defect  until 
it  interferes  with  the  ability  to  use  the  eyes  for  continued  close  work,  and 
with  their  easy  adjustability  for  various  near  distances. 

It  is  thought  by  some  that  decreased  power  of  the  ciliary  muscle  also  has 
a  bearing  on  the  condition,  but  this  is  improbable  since  Ac.  commences 
to  decrease  at  10  years  of  age  and  goes  on  decreasing  while  all  other  muscular 
functions  increase  from  that  early  age  up  to  30  or  40.  Again  at  65  or  70 
there  is  no  Ac.  action  at  all,  but  the  muscles  of  a  person  at  that  age  are  fairly 
good. 

Some  again  consider  that  loss  of  refraction  in  the  crystalline,  due  to 
either  flattening  or  increased  density,  has  some  influence,  but  these  cause 
acquired  H. 

Thus  our  knowledge  of  the  real  cause  of  Pr.  leaves  much  to  be  desired,  and 
is  mainly  due  to  our  lack  of  information  as  to  the  precise  mechanism  of  Ac. 
Concerning  the  latter  we  merely  know  that  the  Crys.  is  increased  in  power 
by  that  action;  concerning  Pr.  we  merely  know  that  Ac.  for  a  given  distance 
becomes  difficult  or  impossible.  The  Helmholtz  theory  of  Ac.  seems  specially 
weak  in  accounting  for  the  difficulty  in  incipient  Pr.,  whereas  the  Tscherning 
theory  seems  to  explain  it  more  satisfactorily. 

In  the  absence  of  greater  knowledge  We  can  conclude  that  sclerosis 
alone  is  the  cause  of  Pr. 

Pr.  is  independent  of  the  static  refractive  condition  and  appears  equally 
in  any  refractive  error;  nevertheless,  as  will  be  shown,  H.  and  M.  have  so^ne 
influence  on  the  advent  and  degree  of  Pr.,  and  the  latter  must  not  be  confused 
with  acquired  H.  arising  from  quite  other  causes.  Pr.  is  a  normal  condition 
in  that  it  is  a  natural  concomitant  of  age;  all  eyes  must  suffer  from  it  in  the 
coui'se  of  time. 

The  Age  of  Appearance  depends  upon  the  amount  of  Ac.  that  can  be 
comfortably  exerted  for  continued  close  work  and  upon  the  reading  distance. 
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If  a  person,  say,  40  years  of  age,  with  an  Amp.  of  4-5  D.  can  continuously 
exert  only  half  of  his  Ac.  and  reads  at  40  cm.  he  is  presbyopic  -25  D. 

In  practice  we  find,  firstly,  that  the  average  Amp.  of  Ac.  is  greater  than 
that  mentioned;  secondly,  more  than  half  the  Amp.  possessed  can  be  freely 
and  continuously  exerted  ;  and,  thirdly,  the  print  can  be  held  a  little  farther 
away,  where  the  Ac.  produced  is  sufficient  for  clear  vision  wlien  the  effort  of 
Ac.  is  equal  to  that  of  Con.  Therefore  the  average  male  emmetrope  does  not 
show  signs  of  Pr.  until,  say,  45  or  47. 

It  is  sometimes  said  that  if  H.  or  M.  be  present  the  advent  of  Pr.  is, 
respectively,  hastened  or  delayed.  Now  this  appears  true  only  if  Pr.  be 
regarded  as  that  condition  in  which  Cx.  sph.  power  is  needed  for  reading 
jjurposes.  In  this  case,  indeed,  Pr.  may  exist  in  a  very  young  hypermetropic 
child,  or  it  may  never  be  present,  even  in  extreme  age,  where  M.  exceeds 
2-5  D.  or  3  D.  If  Pr.  be  regarded  as  that  condition  in  which  additional 
positive  refracting  power  must  be  added  to  the  distance  correction,  in  order 
to  supplement  deficiency  of  accommodative  action,  then  Pr.  may  be  present 
at  a  very  early  age  in  M.  and  quite  late  in  life  in  H. 

As  a  matter  of  fact  Pr.  can  be  present  even  if  Cx.  lenses  are  not  needed 
for  reading,  and  may  be  absent  even  if  they  are  so.  The  refractive  errors 
influence  the  advent  and  the  degree  of  Pr.  only  so  far  as  they  cause  Ac.  to 
be  more  or  less  active  than  in  Em.  and  in  so  far  as  they  affect  the  relation- 
ship between  Ac.  and  Con.,  and  to  a  slight  extent,  in  high  errors,  owing  to 
the  change  of  effectivity  of  strong  lenses  in  near  vision. 

H.  of  ordinary  degree  generally  causes  Ac.  to  be  active  so  that  the  Amp. 
at  a  given  age,  may  be  greater  than  in  Em.  M.  tends  to  render  Ac.  inactive 
and  the  Amp.  is  generally  smaller  than  in  Em.  at  a  given  age.  In  this  way 
H.  retards  the  advent  of  Pr.  while  M.  hastens  it  and  the  degree  of  Pr.,  at  any 
age,  would  be  smaller  in  H.  and  larger  in  M.  than  in  Em.  A  great  factor 
in  the  advent  and  degree  of  Pr.  is  the  condition  of  balance  between  the 
internal  and  external  recti.  When  Eso.  is  present  Con.  is  easy  and  requires 
little  effort  for  fixation  at  the  reading  distance,  and  this  is  harmoniously 
accompanied  by  a  small  effort  of  Ac. ;  in  this  case  Pr.  appears  early.  When 
Exo.  exists,  the  effort  of  Con.,  and  therefore  of  Ac,  is  great,  and  Pr.  appears 
late.  Now  with  H.  the  usual  muscular  condition  is  that  of  Eso.,  and  for 
this  reason  H.  causes  Pr.  to  appear  early  in  life.  In  M.  the  usual  muscular 
condition  is  that  of  Exo.  and,  in  consequence,  Pr.  makes  its  presence  felt  late. 
Since  these  conditions  are  opposed  to  each  other  it  is  safer  to  consider  that 
the  static  optical  defects  of  the  eye  have  little  influence  on  Pr.  except  that, 
in  the  more  unusual  conditions  of  exophoric  H.,  the  advent  and  increase  of 
Pr.  is  delayed  and  in  esophoric  M.  it  is  hastened. 

Apart  from  the  before-mentioned  factors,  Pr.  ajDpears  earlier  among 
Orientals  and  coloured  races  who  develop  and  reach  maturity  sooner  in 
life.  There  is  even  a  marked  difference  between  the  southern  and  northern 
inhabitants  of  Europe  and  America  in  this  connection,  the  latter  becoming 
Pr,  later  than  the  former.     Also  the  distance  of  reading  plays  a  part,  for 
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the  one  who  reads  at  a  shorter  distance  becomes  Pr.  sooner  than  one  who 
reads  at  a  greater  distance.  Thus  women  usually  become  Pr.  sooner  than 
men,  and  short  sooner  than  tall  people.  In  addition  the  visual  acuity,  if 
poor,  necessitates  a  close  reading  distance  and  apparently  hastens  Pr. 

Symptoms.- — When  Pr.  commences  the  first  symptom  is  the  desire  to 
move  reading  matter  to  a  greater  distance  than  previously.  By  so  doing 
a  position  is  sought  at  which  the  Ac.  exerted  does  not  exceed,  say,  one-half 
of  the  total  possessed.  Thus  if  the  Amp.=4  D.,  at  40  cm.  the  2-5  D.  re- 
quired exceeds  one-half,  whereas  at  50  cm.  the  2  D.  required  does  not.  The 
presbyope  who  has  difficulty  with  reading  may  thus  be  still  able  to  write 
or  do  other  work  with  comfort,  because  it  is  done  at  a  greater  distance. 
The  symptom  which  soon  follows  is  that  of  inability  to  see  small  objects, 
as  fine  print,  the  eye  of  a  needle,  etc.,  because  these  must  be  held  nearer 
in  order  to  be  seen  at  all.  Again  the  eyes  become  tired  when  reading  and 
after  some  time  the  print  runs  together  or  becomes  indistinct.  The  cause 
of  these  symptoms  is  that,  while  the  supplementary  effort  of  Ac.  made  in 
order  that  Ac.  may  equal  Con.  can  be  effected  for  a  time,  tlie  eyes  soon  tire, 
or  the  effort  of  Ac.  cannot  be  maintained,  so  that  the  image  of  the  print 
previously  sharp  at  the  retina,  becomes  blurred.  Relief  from  the  tiredness 
and  blurring  is  sought  l)y  looking  at  a  distance  and  frequently  by  rubbing 
the  eyes. 

All  those  symptoms  are  more  noticed  at  night  than  in  daylight.  Firstly 
one's  day  occupation  is  likely  to  consist  of  work  done  at  a  greater  distance; 
secondly,  the  eyes  are  fresher  earlier  in  the  day  so  that  the  extra  accommoda- 
tive effort  can  be  more  easily  effected  without  the  ciliary  so  soon  becoming 
tired;  thirdly,  artificial  light,  being  coloured,  causes  less  contrast  between 
white  and  black  so  that  print  has  to  be  held  nearer  in  order  to  be  seen; 
fourthly,  the  cause  of  the  evening  troubles  of  presbyopia  is  often  the  red- 
ness of  artificial  light,  because  red  needs  more  Ac.  in  order  to  focus  at  the 
retina  than  does  any  other  spectrum  colour  or  white.  The  distance  at 
which  print  can  be  held,  in  order  to  be  read,  is,  of  course,  limited  by  its 
size  and  also  by  the  difficulty  of  holding  a  book  or  paper  at  an  inconveniently 
great  distance. 

The  presbyope  seeks  good  light,  because  by  so  doing,  he  is  enabled  to 
hold  print  farther  away;  again  a  perfectly  sharp  retinal  image  is  not  neces- 
sary in  order  that  print  be  recognized;  further,  the  more  intense  the  illumina- 
tion the  smaller  do  the  pupils  become.  The  latter  is  found  in  an  exaggerated 
form  when  the  presbyope  places  the  light  between  himself  and  the  print. 
Here  the  nearness  of  the  light  increases  the  illumination  to  a  great  extent 
and,  at  the  same  time,  the  pupils  become  very  contracted,  whereby  the  retinal 
circles  of  confusion  are  much  reduced.  Later  on  fine  print  cannot  be  read 
without  lenses  at  any  distance,  no  matter  how  bright  the  illumination  or 
how  great  an  effort  of  Ac.  be  made. 

The  Proportion  of  Ac.  Available. — Generally,  a  person  can  use,  without 
undue  strain,  one-half,  or  a  little  more,  of  the  total  Amp.  possessed,  and  if 
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the  demand  on  Ac.  does  not  exceed  this,  reading  is  usually  effected 
without  discomfort.  No  one  can  exert  continuously  the  full  force  of  a 
muscle  and,  although  the  ciliary  exceeds  most  others  in  this  connection, 
there  is  a  limit  which  is  reached,  in  the  average  individual,  when  of  the  total 
force  available  there  is  left  in  reserve  less  than  a  half  or  a  third  as  the  case 
may  be.  Some  require  a  greater  and  others  only  a  smaller  reserve.  Some 
authorities  put  the  proportion  of  Ac.  that  can  be  continuously  exerted,  as 
two-thirds  or  even  three-quarters  of  the  total  possessed :  these  proportions 
seem  to  the  writer  to  be  too  high,  although,  of  course,  an  exceptional  case 
may  be  met  with. 

The  Determination  of  Pr. — Pr.  is  determined  if  ordinary -sized  type,  say 
No.  3,  is  read  better  at  a  greater  distance  than  40  cm.  than  at  the  latter  point 
itself.  It  is  determined,  if  more  advanced,  when  fine  print  cannot  be  read 
at  the  usual  distance  notwithstanding  that  distant  vision  is  corrected,  this 
latter  being  always  first  done.  Further,  the  determination  can  be  made  only 
when  both  eyes  are  used  together,  as  the  presence  or  absence  of  Pr.  depends 
largely  on  the  effort  of  Con.  made  for  fixation  at  the  reading  distance. 

The  Remedy  consists  of  those  +  sph.  lenses  which  represent  the  difference 
between  the  amount  of  Ac.  produced  and  the  amount  needed  for  seeing  at 
the  reading  distance  when  Ac.  and  Con.  are  equally  innervated.  Thus  if 
when  Con.  =  2-5  M.  A.  the  Ac.  =  1-5  D.,  the  presbyopic  correction  required 
is  +  lD. 

It  may  be  noticed  that  the  correction  of  Pr.  consists  of  making  the  eyes 
artificially  myopic. 

Asthenopia  is  caused  by  want  of  harmony  between  Ac.  and  Con.  and 
presbyopia  affords  a  good  proof  of  the  fact  that  inequality  of  effort  between 
these  functions  is  the  cause  of  asthenopia  rather  than  either  the  individual 
degrees  of  effort  or  the  want  of  harmony  between  the  quantittj  of  each  that 
is  exerted.  An  Em.,  age  35,  reading  at  33  cm.  exerts  3  M.  A.  of  Con.  and 
3  D.  of  Ac.  and  there  is  no  Asth.  because  the  efforts  of  Ac.  and  Con.  are 
equal.  Ten  years  later  this  same  Em.,  reading  at  the  same  distance,  exerts 
exactly  the  same  quantity  of  each  function  but  there  is  Asth.  because,  in 
order  that  the  Ac.  may  correspond  in  amount  to  Con.,  a  greater  effort  of  Ac. 
is  called  for.  Hence  Asth.  results  in  Pr.  because  the  effort  of  Ac.  is  greater 
than  that  of  Con.  in  order  to  produce  a  quantity  of  the  former  function  equal 
to  that  of  the  latter.  No  Asth.  results  in  Pr.  when  the  Ac.  is  so  depleted  that, 
no  matter  how  great  an  effort  be  made,  clear  near  vision  is  impossible.  In 
this  case  the  effort  is  abandoned. 

The  Practical  Determination  o£  Pr. — After  each  eye  has  been  corrected 
by  the  distance  test  and  so  made  practically  Em.,  both  eyes  are  directed  to 
the  hand  types,  so  that  Con.  for  the  reading  distance  is  brought  into  action. 
The  subject  is  directed  to  read  ordinary  type,  say  No.  3,  at  his  natural  read- 
ing distance  as  already  defined.  The  hand  card  is  then  moved  slowly  away 
and  if  reading  is  then  better — i.e.,  if  the  types  become  clearer— the  condition 
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of  Pr.  is  determined.  If  the  reading  is  not  improved  by  thus  receding  it, 
Pr.  is  non-existent  and  no  addition  is  required  to  be  made  to  the  distance 
glasses.  If  the  Pr.  is  of  higher  degree,  as  when  the  age  is,  say,  50  or  more. 
No.  3  type  will  not  be  legible  at  the  natural  distance;  it  is  obvious  that  Pr. 
is  present  and  needs  no  actual  determination,  although  this  results  if  addi- 
tional +  power  renders  it  possible  to  read  fine  print. 

The  Practical  Correction. — The  correction  is  made  binocularly  because— 
with  rare  exceptions  as  in  antimetropia — the  depletion  of  the  Ac.  is  the  same 
in  both  eyes.  Also  it  is  impossible  to  determine  the  deficiency  in  the  Ac. 
unless  the  Con.  is  in  action  for  the  distance  at  which  close  work  has  to  be 
done.  Pr.  having  been  determined  as  stated  in  the  last  article,  the  subject  is 
asked  to  indicate  the  smallest  possible  types  that  he  can  just  read.  To  these 
types  a  number  is  appended  and  indicates  the  wpfroximate  power  of  the 
needed  lenses  with  which,  if  added  to  the  distance  lenses  already  in  the  frame, 
No.  1  type — i.e.  the  smallest — is  legible.  Attention  is  then  again  drawn  to 
No.  3  types  and  the  hand  card  is  moved  farther  away  from,  and  nearer  to, 
the  eyes  than  the  natural  reading  distance.  If  No.  3  is  read  better  when 
farther  away,  the  lenses  are  too  weak;  if  it  is  read  better,  when  nearer  to 
the  eyes,  they  are  too  strong.  In  the  first  case  the  lenses  have  to  be  slightly 
increased  in  strength,  in  the  second  case  they  must  be  reduced. 

The  proper  correction  for  any  case  of  Pr.  is  that  pair  of  Cx.  lenses  which, 
added  to  the  distance  glasses,  causes  vision  of  ordinary  sized  types  (Nos.  3 
and  4)  to  be  better  at  the  natural  reading  distance  than  either  nearer  or 
farther  away.  With  these  lenses  there  is  a  certain  range — within  and  beyond 
the  reading  distance — within  which  the  presbyope  can  see  by  exerting  respec- 
tively more  or  less  of  what  Ac.  he  possesses. 

It  is  said  by  some  that  the  amount  of  Pr.  is  not  always  the  same  in  the 
two  eyes,  but  apart  from  antimetroj)ia  or  high  anisometropia,  the  writer  has 
not  encountered  any  such  cases. 

It  is  not  advisable  to  give  glasses  too  strong  for  Pr.,  it  is  better  rather 
for  them  to  be  adjusted  for  a  fairly  remote  reading  distance  than  one  that 
is  unduly  near.  The  former  enable  the  wearer  to  use  them  for  writing,  etc., 
with  greater  comfort  and  they  do  not  have  the  effect  of  hastening  the  de- 
pletion of  accommodative  action  as  do  glasses  that  are  too  strong.  Presbyopes 
glasses  need  changing  every  2  or  3  years. 

Reason  for  the  Test. — If  a  person  when  he  converges  for  a  given  distance 
naturally  exerts  a  certain  amount  of  Ac.  it  follows  that  any  given  power  of 
Cx.  lenses  can  be  exactly  suited  for  one  distance  only.  Suppose  the  total 
Amp.  be  3  D.  and  of  this  1-5  D.  accompanies  convergence  for  40  cm. ;  the 
presbyopic  correction  is  then  -i-  1  D.  With  the  +-  1  D.  he  sees  better  and 
more  comfortably  at  40  cm.  than  either  nearer  or  farther.  If  the  print  be 
removed  to  50  cm.  the  Ac.  which  naturally  accompanies  2  M.  A.  Con.  is 
more  than  1  D.  so  that  the  glasses  are  too  strong.  At  .same  nearer  distance, 
say  33  cm.,  the  Ac.  associated  with  3  M.  A.  Con.  is  less  than  2  D.  and  (lie 
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glasses  are  too  weak.  At  any  distance  other  tlian  40  cm.  the  lenses  do  not 
supply  that  power  with  which  the  efforts  of  Ac.  and  Con.  are  equal.  Suppose 
in  this  case  +  -75  D.  lenses  were  j&rst  given;  then  vision  would  be  more  com- 
fortable farther  away  than  40  cm.;  if  +1-25  D.  were  put  up,  it  would  be 
better  at  a  nearer  point. 

Glasses  for  Difierent  Distances. — From  the  last  article  it  will  be  seen 
that  an  accurate  correction  of  Pr.  for  any  distance  is  represented  by  only  one 
dioptric  power.  If  we  went  on  the  hypothesis  that  a  person  can  use  half  his 
Ac.  for  sustained  close  work  he  would  require  with  an  Amp.  of,  say,  3  D., 
3  ^1-5-=  1-5  D.  for  33  cm.,  2-5 -1-5= +  1-0  D.  for  40  cm.,  2 -1-5= +  -5  D. 
for  50  cm.  and  1-5  -1-5=0  for  66  cm.  In  this  calculation  the  corrections 
for  the  different  distances  differ  as  their  dioptric  differences,  but  actually  it 
is  far  more  often  the  case  that  less  reserve  is  needed  as  the  distance  of  vision 
is  nearer  and  Con.  therefore  greater. 

If  we  went  on  the  assumption  that  each  M.  A.  Con.  is  accompanied  by, 
say,  -5  D.  Ac.  we  should  find  at  50  cm.  a  shortage  of  1  D.,  at  40  cm.  one  of 
1-25  D.,  and  at  33  cm.  one  of  1-5  D. 

In  any  case  we  know  that  the  best  glasses,  for  any  given  distance,  are 
not  the  best  for  any  other,  but  what  may  be  required  should  be  selected  by 
actual  experiment  and  not  deduced  from  calculations. 

That  difl'erent  powers  are  needed  for  different  distances  in  Pres.  is  the 
reverse  of  the  treatment  of  H.  where  the  same  glasses,  in  general,  serve  for 
all  distances. 

The  Range  of  Vision  in  Corrected  Pr. — Since  when  Pr.  is  corrected  the 
eyes  are  made  artificially  myopic  by  the  Cx.  lenses  given,  the  range  of  Ac.  is 
limited  as  in  M.  Suppose  an  emmetrope,  or  an  ametrope  made  emmetropic 
by  lenses,  has  2  D.  Amp.  of  Ac;  his  P.  R.  is  at  oo  and  his  P.  P.  at  50  cm. 
To  correct  the  Pr.  suppose  + 1-5  D.  lenses  be  given  for  40  cm. :  then  the 
range  of  vision  is  between  the  artificial  P.  R.,  which  is  at  100/1-5=66  cm. 
and  the  P.  P.,  which  is  at  100/(2+ 1-5)= 28  cm.  With  the  presbyopic  correc- 
tion given  for  40  cm.  he  can  see  as  far  away  as  66  cm.  by  relaxing  all,  and 
as  near  as  28  cm.  by  exerting  all  his  Ac. 

Expressed  in  diopters,  the  P.  R.  is  represented  by  the  correcting  Cx.  lens 
and  the  P.  P.  by  the  Amp.  of  Ac.  +  the  Cx.  lens;  in  this  case  the  P.  R.= 
1-5  D.,  the  P.  P.=2  + 1-5=3-5  D.  and  the  Amp.=P-R=3-5-l-5=2  D., 
the  same  as  without  the  lens. 

When  the  Amp.  is  greatly  depleted,  the  range  of  Ac.  with  the  presbyopic 
correction  is  very  restricted.  When  the  Pr.  is  incipient  the  range  is  fairly 
great  and  becomes  smaller  as  natural  Ac.  is  replaced  by  the  artificial  Ac.  of 
a  Cx.  lens  until,  when  it  is  all  artificial  the  Amp.  of  Ac.  being  zero,  the  P.  P. 
and  the  P.  R.  coincide  and  the  presbyope  can  see  clearly  at  one  distance  only 
with  his  corrective  lenses. 

Estimated  Corrections.— If  the  proportion  of  the  total  Ac.  that  can  be 
exerted  be  taken  as  one-half,  and  the  Amp.  of  Ac.  at  certain  ages  to  be  as 
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given  below,  we  can  calculate  the  theoretical  presbyopic  corrections  in  Em 
or  in  corrected  Am.,  for  certain  distances,  as  follows; — 

Dp=Dr-A/2. 

Where  Dp  is  the  presbyopic  correction  in  diopters,  Dj^  the  dioptric  expression 
of  the  reading  distances,  and  A.  the  Amp.  of  Ac.  possessed  at  the  given  age. 
It  should  be  noted  that  if  D^^  li  equal  to  or  less  than  A/2,  no  additional  power 
is  required  for  reading.  Li  other  words,  there  is  no  Pres.  if  the  Ac.  is  at 
least  twice  the  dioptric  near  working  distance. 
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Reading  glasses  for  33  cm. 

1 
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2 
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3 

3 

It  will  be  noticed  that  {a)  at  40  years  of  age,  when  Pr.  first  starts,  the 
correction  needed  is  only  '25  D.  for  reading  at  40  cm.  (b)  The  correction 
increases  normally  by  -25  I),  for  every  2  1/2  years  and  later  for  every  5  years, 
(c)  For  33  cm.  (3  D.)  the  correction  required  is  always  •o  D.  more  than  for 
40  cm.  (2-5  D.),  and  varies  similarly  for  other  distances,  (d)  The  total  cor- 
rection never  exceeds  2^5  D.  for  40  cm.,  or  3  D.  for  33  cm.  and  similarly 
for  other  distances;  e.g.  it  would  never  exceed  1  D.  for  100  cm.,  2  D.  for  50  ciii., 
or  4  D.  for  25  cm. 

The  power  of  the  lenses  required  depends  on  {(i)  the  distance  for  which 
glasses  are  needed,  (6)  the  Amp.  of  Ac.  possessed,  which  may  differ  from 
those  above  given,  it  being  generally  greater,  (c)  the  effort  of  Con.  made  for 
fixation,  and  (d)  the  proportion  of  the  total  Ac.  that  can  be  continuously  used. 

The  following  are  some  examples : 

Pr.  with  Em. — Suppose  the  age  to  be  52,  the  reading  distance  40  cm. 
and  half  the  amplitude  available  for  continued  close  work.  AVe  then  have 
for  the  presbyopic  lenses — 

2'5-2/2=  +  r5D. 

A  clergyman,  age  65,  needs  a  pair  of  glasses  for  reading  his  notes  in  the 
pulpit;  his  working  distance  being,  say,  1  m.,  the  lenses  he  requires  are — - 

1-. 5/2=  + -75,0. 

Pr.  with  H. — The  strength  of  the  presbyopic  lenses  depends  on  the  same 
conditions  as  in  Em.  but  they  arc  always  as  much  stronger  as  the  degree  of 
H.     Thus  suppose  the  distance  correction  is  0.  D.  +  2  D.  and  0.  S.  +  1*5  D. 
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and  lenses  are  required  for  reading  music  at  66  cm.  by  a  person  aged  48 
who  must  keep  2/3  of  his  Amp.  in  reserve.     Then  the  additional  power  is — 

1-5 -3/3=  + -5  0. 

so  that  the  total  reading  lenses  are — 

0.  D.  +  2  +  -5=  +  2-5  D.  and  0.  S.  + 1-5  +  -5=  +  2  D. 

Pr.  with  M. — Again  the  same  factors  govern  the  selection  of  the  reading 
lenses;  if  Cx.  they  are  as  much  weaker  than  in  Em.  as  the  degree  of  M.,  and 
if  the  latter  exceeds  the  Pr.  the  lenses  for  reading  are  Cc.  As  an  example, 
suppose  the  myope  age  45  uses  0.  D.  —5  D.  and  0.  S.  ~-'7b  D.,  and  requires 
glasses  for  seeing  clearly  at  25  cm.  with  half  the  Amp.  in  reserve.  Then 
calculation  would  give  us^ — 

4 -3-5/2= +  2-25  D.- 

added  to  the  distance  glasses,  making  those  for  reading — 

0.  D. -5 +  2-25= -2-75  D.,O.S. -'75 +  2-25= +  1-50  D. 

The  myope  makes  up  for  his  deficient  Ac.  by  his  excessive  static  refrac- 
tion and  although  he  may  not  need  Cx.  lenses  for  reading,  nevertheless  he 
is  presbyopic  if  he  cannot  accommodate  owing  to  age.  A  myopia  of  5  D.  or 
6  D.  is  the  lowest  in  which  there  can  never  be  needed  Cx.  lenses  for  reading 
if  the  acquired  H.  of  an  old  eye  be  taken  into  consideration. 

Pr.  with  A'". — The  cyls.  selected  for  distance  can  be  taken  as  the  same 
as  those  required  for  close  work,  i.e.  the  degree  of  As.  does  not  change. 
Thus  suppose  0.  D.--25  S.o-2  C.  Ax.  40°;  0.  S.  +  l  C.  Ax.  70°  be  the 
distance  lenses  of  a  clerk  age  55  who  wishes  to  see  his  books  at  50  cm.,  a 
reserve  of  1/3  the  Amp.  being  required.     The  presbyopic  addition  is — 

2 -2/3  of  1-5=  + ID., 

which,  combined  with  the  distance  lenses  gives,  as  the  total  reading  cor- 
rection— 

0.  D.  +  -75  S.  o  - 2  C.  Ax.  40° ;  0.  S.  + 1-0  S.  o  + 1-0  C.  Ax.  70°. 

In  some  cases,  old  people,  who  have  never  used  cylindrical  correction, 
see  better  for  close  work  without  it  and  prefer  sphs.  only. 

Points  on  Correcting  Pr. — It  is  probable  that  the  non-use  of  Cx.  lenses, 
when  Pr.  is  incipient,  tends 'to  the  depletion  of  Ac.  more  than  would  be  the 
case  if  they  were  employed,  but  over-correction,  still  more  probably,  has  a 
similar  effect.  The  use  of  the  proper  lenses  and  their  gradual  and  normal 
increase  of  strength  every  few  years,  or  when  necessary,  seems  to  keep  Ac 
active  to  an  advanced  age.  Some  presbyopes  use  the  same  lenses  with 
comfort  for  a  considerable  period. 

The  optician  should  always  be  on  his  guard  to  note  cither  (o)  an  apparent 
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abnormal  increase  of  Pr.  or  a  high  degree  for  the  age  (vide  Glaucoma),  or 
(b)  an  apparent  sudden  decrease  of  Pr.  (vide  Cataract). 

The  reading  glasses  should  be  centred  for  the  eyes  when  converged  for 
the  reading  point;  they  should  not  be  decentred  to  relieve  Con.  because,  by 
so  doing,  the  efforts  of  Ac.  and  Con.  are  not  harmonized.  Any  idea  that 
Con.  should  be  relieved  in  Pr.  arises  from  a  very  common  confusion  between 
effort  and  effect.  Only  in  exophoria  may  such  decentring  be  required,  the 
necessity  arising  from  the  muscular  condition  and  not  from  the  Pr. 

To  see  near  and  distant  objects,  a  pantoscopic  frame  is  needed  in  Em.  or 
low  Am.,  or  bifocals  in  high  Am.  where,  without  lenses,  distant  vision  is 
impaired  or  painful.  Neither  of  these  styles  is  to  be  recommended  for 
moving  about  as,  with  them,  the  ground  cannot  be  clearly  seen — an  uncom- 
fortable and  even  dangerous  condition  especially  when  the  glasses  are  first 
used.     For  frames  generally  needed  in  Pr.  see  Chapter  XXIII. 

The  lenses  for  Pr.  unlike  those  for  Am.  need  not  be  placed  as  near  as 
possible  to  the  eyes;  if  they  are  at  25  mm.  for  their  best  position,  the  range 
of  artificial  Ac.  can  be  increased  by  moving  them  nearer  or  farther  away. 
This  maybe  useful  in  cases  where  there  is  very  little  or  no  Ac.  at  all.  When 
farther  out  they,  if  Cx.,  tend  to  increase  the  size  of  the  retinal  image;  but 
whether  they  have  an  increased  or  decreased  effect  depends  on  their  strength 
and  the  distance  of  the  object  viewed. 


CHAPTEE  XIII 
SPASM  OF  ACCOMMODATION  AND  ASTHENOPIA 

Spasm  of  Accommodation. 

This  term  is  applied  to  au  involuntary  accommodative  action,  or  cramp  of 
the  ciliary  muscle,  whereby  the  refraction  of  the  eye  is  increased  beyond 
what  is  required  for  clear  vision.  It  is  a  defect  of  youth,  and  rarely  met 
with  after  30  years  of  age;  it  may  occur  in  any  refractive  condition,  but 
low  H.  is  that  in  which  it  is  usually  found.  If,  for  example  in  H.  1  D.,  there 
is  constantly  exerted  1-5  D.  or  2  D.  of  Ac.  for  distance,  the  eye  appears  to 
be  myopic  to  the  extent  of  the  surplus  -5  D.  or  1  D.  as  the  case  may  be. 
Some  authorities  use  the  term  exclusively  in  this  connection  while  others 
apply  it,  also,  to  cases  where  the  H.,  although  not  simulating  M.,  is  unduly 
latent.  Cramp  of  the  ciliary  can  occur  in  Em.  and  is  not  infrequent  in  M., 
causing  the  latter  condition  to  appear  of  higher  degree  than  it  really  is. 

Commonly  spasm  is  characterized  by  a  feeling  of  constriction  in  the 
eyes,  by  general  discomfort  and  in  fact  by  the  symptoms  described  under 
asthenopia  (q.v.). 

It  is  termed  tonic  if  the  excessive  Ac.  is  always  in  action  and  clonic  when 
it  comes  into  play  only  for  near  work. 

Sijasm  may  be  caused  artificially  by  a  drug  such  as  eserine  and  it  may 
be  traumatic,  i.e.,  due  to  a  blow  or  it  may  be  the  result  of  a  functional  or 
organic  disorder,  as  inflammation  of  the  ciliary  body,  or  it  may  be  due  to 
exophoria,  or  optical  conditions  as  later  described. 

Spasm  of  Ac.  is  sometimes  accompanied  by  myosis  or  spasm  of  the 
svhincter  iriclis,  the  pupils  being  abnormally  small  and  irresponsive  to  light; 
in  other  cases  they  are  abnormally  large.  The  condition  itself  may  be  induced 
by  excessive  light,  which,  by  stimulating  the  sphincter  iridis,  causes  a  sym- 
pathetic contraction  of  the  sphincter  ciliaris. 

Seamstresses,  students,  clerks,  etc.  who  work  by  unscreened  lamps  placed 
close  to,  and  in  front  of,  the  eyes  are  especially  susceptible  to  spasm,  and 
although,  in  the  majority  of  cases,  there  are  other  influencing  factors  the 
effect  of  too  much  direct  light  may  be  the  sole  cause.  In  any  event  faulty 
lighting  is  always  inclined  to  aggravate  asthenopia,  and  therefore  inquiries 
should  be  made,  in  all  cases  of  spasm,  into  the  nature  and  position  of  the 
illumination  generally  used,  and  advice  tendered  accordingly. 

Classification. — Spasm  may  be  divided  into  two  classes.  The  first  is  that 
condition  where  medical  treatment  is  required  or  where  cycloplegia  is  neces- 
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sary,  it  being  impossible,  under  ordinary  conditions,  to  determine  the  glasses 
that  will  relieve  the  asthenopia. 

The  second  is  the  condition  where  the  Ac.  gives  way  under  a  proper  test , 
and  includes  those  cases  where,  owing  to  faulty  testing,  H.  has  been  pre- 
viously under-corrected,  M.  over-corrected  and  As.  badly  corrected  or  not 
corrected  at  all.  This  second  class  can  eiTectively  be  treated  by  the  optician, 
and  it  would  be  as  well  if  we  were  to  call  it  false  spasm  or  spasmodic  Ac.  in 
order  to  distinguish  it  from  the  more  serious  cases. 

Except  in  high  M.  and  extreme  old  age,  there  is  always  some  unrelaxable 
accommodative  action  due  to  natural  activity  of  the  ciliary  muscle.  A 
young  eye  which  is  emmetropic  under  cycloplegia  has  low  M.  of  from  -5  D. 
to  1  D.,  in  ordinary  circumstances  and  H.  is  always  partly  latent  in  young 
people.  Therefore  spasm,  if  the  term  may  be  so  used,  is  natural  up  to  a 
certain  point  but  becomes  unnatural  when  accompanied  by  painful  symptoms. 
If  we  apply  the  term  "  spasm  of  Ac."  to  latent  H.,  it  is,  of  course,  of  the 
tonic  class. 

It  is  practically  impossible  in  a  treatise  to  differentiate  between  latent 
H.  which  does,  and  that  which  does  not,  require  manifesting  and  correcting; 
but  if  asthenoj^ic  conditions  are  present  when  H.  is  all  latent,  or  notwith- 
standing correction  of  the  manifest  H.,  the  condition  should  be  treated  as  if 
it  were  spasm  of  Ac.  as  defined. 

The  chief  cause  of  spasmodic  accommodation  is  uncorrected  As.  The 
subject,  being  unable  to  secure  a  sharp  retinal  focus  for  any  distance, 
naturally  endeavours  to  counteract  the  effect  of  the  As  by  bringing  the 
object  closer  to  the  eyes  in  order  to  secure  a  larger  retinal  image,  with  the 
result  that  excessive  Ac.  is  exerted  and  the  action  becomes  habitual.  In 
this  case,  correction  of  the  As.,  by  removing  the  cause,  will  generally  prove 
a  remedy  for  the  spasm  and  all  its  attendant  troubles. 

Hypermetropia  simulating  Myopia  is  the  condition  that  must  be  chiefly 
considered  from  an  optical  point  of  view,  and  because  it  is  the  one  to  which 
reference  is  generally  made  in  connection  with  spasm.  Now  in  true  M.  of 
low  degree — even  with  moderate  As. — there  is  usually  very  good  near  V. 
and  a  noticeable  absence  of  headache  and  pain;  consequently,  from  the 
history  of  the  case,  there  should  be  no  difficulty  in  distinguishing  between 
true  M.  of  low  degree  and  H.  simulating  that  condition.  Fm-ther,  the  power 
of  the  Cc.  lens  required  to  raise  vision  to  the  normal  is  far  greater  than  it 
would  be  in  true  M.  Thus  if  V.=6/9  a  —-5  D.  ought  to  make  it  normal, 
whereas  in  spasm  much  more  power  would  be  required  to  effect  this  improve- 
ment in  sight.  The  Cc.  lenses  themselves,  as  they  are  put  up,  seem  to  induce 
still  further  Ac.  which  is  already  in  an  unsteady  condition,  so  that  the  types 
are  read  slowly  and  with  hesitation. 

The  position  of  the  P.  P.  may  often  be  found  to  be  inconsistent  with 
the  apparent  refractive  condition  and  age.  Thus  if  the  latter  be  20  and 
there  is  an  apparent  M.  of  1  D.,  the  near  point  should  be  well  within  10  D.; 
if  it  be  found  beyond  10  D.,  H.  should  be  suspected.     It  is  useful  to  employ 
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the  far-point  method  of  determining  the  refractive  condition  in  these  sus- 
pected cases  of  false  M. ;  working  the  carrier  gradually  away  from  the  eyes, 
any  variation  in  the  position  of  the  apparent  P.  R.  indicates  spasmodic 
action  hi  the  ciliary  almost  as  certainly  as  variable  vision  referred  to  later. 
The  apparent  Amp.  of  Ac,  obtained  from  the  apparent  near  and  far  points, 
also  assists  materially  in  arriving  at  a  diagnosis  of  the  case. 

Spasmodic  M. — Since  spasm  can  occur  in  M.  of  low  degree  it  should 
always  be  suspected,  especially  if  there  be  asthenopia  and  a  low  degree  of 
As. ;  it  is  almost  as  likely  to  be  present  in  M.  as  is  a  latent  error  in  H. 

Variable  Vision  is  the  most  characteristic  symptom  of  all  in  spasmodic 
A.C.,  and  one  which  obtains  not  only  when  H.  simulates  M.  but  also  when 
there  is  true  M.  If  with  or  without  any  lens,  the  degree  of  vision  varies  as 
one  looks  at  the  test  types,  it  is  a  positive  indication  that  Ac.  is  spasmodic; 
that  is  to  say  V.  may  be  6/12  and  slowly  improve  to  6/9  or  deteriorate  to 
6/18.  Often  with  no  spherical,  or  a  weak  Cx.  or  an  apparently  under- 
correcting  Cc,  it  is  merely  necessary  to  tell  the  subject  to  read  successively 
smaller  types  for  him  to  do  so,  provided  that  the  As.  has  been  corrected. 

The  General  Treatment  oJ  Spasm  consists  of  (1)  Carefully  and  fnlbj  coi- 
recting  any  As.  present;  low  power  cyls.  have  sometimes  quite  an  astonish- 
ing effect  in  relieving  asthenopia  and  spasm.  (2)  Slightly  over-correcting 
manifest  H.,  or  well  under-correcting  apparent  M.,  and  giving  no  Cc.  spherical 
at  all  if  the  latter  be  of  low  power. 

If  there  is  spasmodic  Ac.  in  H.,  which  is  a  source  of  pain,  and  concave 
lenses  are  given,  it  goes  without  saying  that  the  trouble  is  aggravated.  Still 
worse  is  the  fitting  of  Cc.  lenses  too  strong  in  a  case  of  M.  as  they  may,  in 
addition,  bring  about  an  increase  in  the  true  degree  of  M. 

As  already  stated  some  cases  can  only  be  treated  successfully  under  a 
cycloplegic,  and  the  glasses  first  used  while  the  ciliary  muscle  is  completely 
or  partially  paralyzed.  Notwithstanding  such  optical  correction  as  can  be 
given  without  drugs,  even  adults  may  not  obtain  relief  unless  and  until  they 
have  been  treated  with  atropine  for  some  time. 

Although  some  consider  the  contrary  to  be  the  case,  it  is  extremely  doubt- 
ful whether  retinoscopy  alone  discloses  any  truer  condition  of  the  refraction 
in  spasmodic  accommodation.  While  spasmodic  Ac.  may  cause  a  faulty 
estimation  of  the  refractive  condition,  the  reverse,  as  before  mentioned,  is 
frequently  the  case,  in  that  a  faulty  correction  causes  a  pseudo-spasm. 

These  faulty  estimations  of  the  refraction  arise  almost  entirely  from 
selecting  first  the  sph.  and  then  the  cyl.,  whereas  the  sph.  must  be  selected 
after  the  cyl.  power  has  been  adjusted. 

Spasm  Caused  by  Convergence. — There  is  a  type  of  spasm  which  differs 
from  that  described,  in  its  origiii  and  perhaps  treatment.  When  the  efforts 
of  Ac.  and  Con.  are  equal  in  binocular  fixation,  the  Ac.  may  be  in  excess  of 
wliat  is  needed  for  clear  vision  owing  to  exophoria,  or  when  the  Ac.  is  ad- 
justed for,  say,  33  cm.  a  considerable  supplementary  Con.  effort  is  required, 
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during  wliicli  Ac.  must  be  suppressed  to  retain  clear  vision.  In  consequence 
there  is  muscular  asthenopia,  which  finds  relief  if  extra  Ac.  is  permitted  as 
when  hyperopes  or  emmetropes  wear  Cc.  lenses,  and  myopes  those  which 
over-correct  the  defect.  There  are  many  cases  of  spasm  of  Ac.  thus  induced 
by  deficient  irdtial  Con.,  or  by  excessive  mobility  of  the  accommodative 
apparatus  when  accommodative  Con.  takes  place,  and  the  remedy  is  to 
harmonize  these  functions. 

Suppose  a  person  Em.  with  2  M.  A.  of  exophoria.  To  obtain  binocular 
fixation  at  6  m.  he  exerts  2  M.  A.  Con.  If  this  is  accompanied  by  2  D.  Ac. 
he  becomes  apparently  M.  2  D.  and  would  obtain  normal  V.  with  -2  D. 
sph.  The  remedy  is  to  employ  +  prisms,  but  very  likely  the  subject  would 
be  just  as  happy  with  —2D.  lenses. 

One  reads  of,  and  meets  with,  cases  where,  for  instance,  each  eye  separately 
has  normal  V.  but  binocularly  V.  =  6/18  and  -1-50  D.  sph.  are  required  to 
make  V.= 6/6.  Or  again  a  person  has  been  wearing  for  years  —2  D.  sph. 
while  the  eyes  are  really  H.,  say,  1  D. 

The  condition  of  spasm  of  Ac.  due  to  Exo.  is  the  reverse  of  divergent 
strabismus.  Suppose  the  eyes  are  Em.  with  Exo.  of  1  M.  A.,  then  for  vision 
at,  say,  33  cm.  there  would  be  needed  3  D.  Ac.  and  4  M.  A.  Con.  If  the  Ac. 
exerted  is  3  D.  there  is  a  divergent  squint.  If  the  Con.  exerted  is  4  M.  i^. 
there  is  excess  Ac.  of  1  D.  constituting  spasm. 

Asthenopia. 

Derivation. — a,  without;  a-devo^,  strength;  w^,  eye. 

The  Condition  of  Asthenopia  is  that  of  weak,  uncomfortable,  painful  or 
irritable  sight,  but  the  term  is  often  employed  to  include  those  conditions 
which  accompany  it,  as  ocular  headaches,  neuralgia,  photophobia,  fatigue, 
dimness  of  vision  and  inability  to  use  the  eyes  continuously;  it  generally 
points  to  muscular  strain,  which  is  the  more  likely  to  occur  as  V.  is  acute  in 
ametropia.  In  fact  refractive  errors  almost  may  be  divided  into  those  with 
bad  sight  and  no  pain,  and  those  with  good  sight  but  with  pain.  As  pre- 
viously stated,  under  the  various  headings,  those  optical  errors  which  are 
corrigible  by  muscular  efiort,  as  low  degrees  of  As.,  H.,  Aniso.,  and  Hetero., 
are  more  likely  to  be  the  cause  of  Asth.  than  high  degrees  which  no  amount 
of  muscular  exertion  can  correct,  and  in  which  the  effort  is  consequently  not 
made. 

Asth.  is  generally  more  severe  at  night  when  the  eyes  are  tired  and  the 
luminant  is  artificial  and  coloured  but,  sometimes,  irritable  conditions  are 
especially  noticeable  on  awakening  in  the  morning.  It  is  more  pronounced 
and  more  common  among  those  who  use  their  eyes  continuously  for  close 
work  such  as  clerks,  students  or  seamstresses  and,  although  the  asthenopia 
may  be  due  to  optical  causes,  it  may  be  augmented  or  induced  by  those 
assigned  to  nervous  or  reflex  Asth.  Many,  however,  of  the  symptoms 
described  under  Nervous  Asth.  accompany  those  due  to  oj^tical  or  muscular 
causes.     We  must,  however,  make  a  class  of  the  nervous  type  because  we 
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find  cases  of  Asth.  whose  origin  is  distinctly  not  optical,  or  where  there  is 
no  discoverable  optical  error,  or  only  defects  that  fail  to  account  for  the 
symptoms;  yet  the  influence  of  very  low  errors  of  refraction  must  not  be 
forgotten. 

Classification  of  Asth. — Asthenopia  is  usually  divided  into  (a)  Accommo- 
dative, (6)  Muscular,  (c)  Nervous  or  Reflex.  A  more  useful  classification  is 
(1)  Accommodative-Convergence,  (2)  Anisometropic,  (3)  Astigmatic,  (4)  Pres- 
byopic, (5)  Hyperphoric  and  Cyclophoric,  (6)  Nervous  or  Reflex. 

Ac.  and  Con. — In  clear  binocular  vision  Asth.  results  if  a  high  degree  of 
either  Ac.  or  Con.,  or  of  both,  is  required,  especially  if  the  effort  to  produce 
them  is  also  great ;  it  is  still  more  likely  to  occur  if  there  are  unequal  efforts, 
quite  irrespective  of  the  quantity  of  either  function  exerted,  or  of  the  refrac- 
tive or  muscular  conditions.  Asth.  is  termed  accommodative  or  muscular 
according  as  the  trouble  lies  chiefly  with  the  one  or  other  function;  in  Pres., 
H.,  and  esophoria  the  Ac.  effort  is  the  greater,  while  in  M.  and  exophoria 
the  Con.  effort  is  in  excess. 

The  cure  consists  of  harmonizing  these  efforts  and  it  is  usually  achieved 
by  a  complete  or  partial  correction  of  the  error  of  refraction.  If  there  be 
H.,  the  Ac.  exceeds  Con.  and  Cx.  lenses  of  some  certain  power  are  required; 
if  they  are  too  weak  some  accommodative  Asth.  may  still  remain;  if  they  are 
too  strong,  muscular  Asth.  may  result  because  the  effort  of  Con.  would  be 
greater  than  that  of  Ac.  If  in  M.  there  is  Asth.  it  is  because  the  Con.  exceeds 
Ac.  With  lenses  too  weak  this  may  still  remain,  whereas  if  they  be  too 
strong  accommodative  Asth.  is  produced  because  the  effort  of  Ac.  then 
exceeds  that  of  Con. 

Hence  the  cure  of  this  class  of  Asth.  consists  of  those  spherical  lenses 
which  produce  harmony  in  the  efforts  of  the  two  functions  and,  as  a  rule, 
they  are  not  a  full  correction  of  the  optical  defect,  but  rather  a  modified 
one.  When  Eso.  is  present,  and  therefore  Con.  easy,  the  condition  calls  for 
strong  Cx.  or  weak  Cc.  correction;  when  Exo.  obtains,  weak  Cx.  and  rather 
full  Cc.  correction  is  required.  Harmony  between  the  two  functions  is 
obtained  rather  by  changing  the  demand  on  Ac.  than  by  interfering  with 
Con.  That  is,  Asth.  resulting  from  inequality  of  Ac.  and  Con.  should  be 
cured,  if  possible,  by  decreasing  the  accommodative  effort  with  +,  or  in- 
creasing it  with  —  lenses,  so  that  it  may  harmonize  with  that  of  Con.  Pris- 
matic power  employed  to  alter  the  Con.  effort  should  be  avoided  and,  indeed, 
is  rarely  needed.  There  are,  however,  certain  limitations.  We  can  reduce 
accommodative  action  up  to  giving  full  correction  in  H.,  and  a  correction  in 
M.  which  calls  for  no  Ac.  whatever.  We  can  cause  accommodative  action  up 
to  giving  no  correction  at  all  in  H.,  and  by  full  correction  in  M.  It  is  not 
permissible  to  over-correct  H.  or  M.,  nor  can  Cx.  or  Cc.  lenses  be  given  to 
an  emmetrope.  No  correction  whatever  and  full  correction  of  Am.  mark  the 
limits  in  curing  asthenopia  by  spherical  lenses ;  beyond  this  prismatic  power 
may  be  required,  since  +  prisms  reduce  and  -  prisms  increase  Con.  If 
therefore  in  Em.,  apart  from  presbyopia,  the  Ac.  exceeds  Con.,  or  vice  versa, 
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the  remedy  must  be  sought  in  relieving  prisms.  The  same  is  required  if 
muscular  Asth.  results  with  full  correction  in  M.,  or  with  the  Cx.  lenses 
needed  for  clear  vision  in  H.,  when  there  is  exophoria;  also  when  there  is 
esophoria  with  a  full  correction  of  H.  or  with  a  correction  of  M.  such  that  no 
Ac.  at  all  is  brought  into  action.  Relieving  j^risms  are  never  strong;  if  the 
condition  seems  to  call  for  high  power,  the  remedy  is  to  be  found  rather  in 
exercises  or  in  operation. 

True  Accommodative  Asth.  results  from  excessive  demand  on  the  function 
of  Ac.  when  the  amount  required  is  high,  or  the  ciliary  weak,  and  may  exist 
quite  apart  from  its  want  of  harmony  with  Con.  as,  for  instance,  where  there 
is  only  one  seeing  eye.  Weakness  of  the  ciliary  may  be  of  paretic  origin, 
the  result  of  illness,  of  non-use  as  in  M.,  or  of  age  as  in  Pres. 

True  Muscular  Asth.  is  similarly  due  to  a  pure  deficiency  of  the  internal 
recti,  or  to  a  very  close  reading  point  necessitated  by  some  outside  cause 
such  as  a  slight  nebula  in  Em.:  and,  notwithstanding  the  co-existence  of  H., 
As.,  and  other  fertile  sources  of  strain,  the  asthenopia  may  still  be  simply 
muscular. 

Anisometropic  Asth. — If  in  anisometropia  both  eyes  see  clearly,  the  Ac. 
required  by  each  eye  is  different,  so  that  the  effort  made  is  probably  also 
difierent  and  Asth.  is  caused.  The  remedy  is  to  equalize  the  refraction  of 
the  two  eyes  so  that  unequal  efforts  of  Ac.  become  unnecessary.  Relief  from 
this  is  frequently  sought  by  closing  one  eye. 

A5*igmatic  Asth. — In  astigmatism,  Asth.  may  result  from  sectional  Ac. 
produced  to  correct  the  As.  Oblique  As.  is  more  productive  of  Asth.  than 
when  horizontal  or  vertical  but  possibly  there  may  be  a  complication  of 
cyclophoria.  The  remedy  is  to  equalize  the  refraction  of  the  eye  to  such 
an  extent  that  unequal  Ac.  efiort  becomes  unnecessary;  this  does  not,  of 
necessity,  call  for  full  correction  of  the  As.  Relief  is  sometimes  sought  by 
partially  closing  the  lids,  thus  confining  the  refracting  system  to  practically 
a  single  meridian,  or  by  looking  obliquely  through  spherical  lenses.  Astig- 
matic Asth.  may  be  caused  not  only  by  sectional  Ac,  but  also  by  continuously 
altered  efiorts  made  to  adjust  two  difierent  focal  distances  to  the  retina. 

Presbyopic  Asth.  is  caused  by  the  excessive  effort  necessary  to  accommo- 
date for  near  distances  in  later  life,  when  the  crystalline  does  not  respond 
so  freely  to  the  ciliary  action.  The  remedy  is  to  give  those  convex  lenses 
which  equalize  the  efiorts  of  Ac.  and  Con.  for  the  distance  at  which  near 
work  is  to  be  done. 

Hyperphoric  Asth.  is  due  to  insufiiciency  of  the  vertical  recti,  and  the 
remedy  is  prism  power  base  up  for  the  one  eye  and  base  down  for  the  other, 
but  a  considerable  degree  of  Hyper,  (q.v.)  may  fail  to  cause  asthenopia. 

Cyclophoric  Asth.  is  probably  caused  by  the  constant  torsion  effort  to 
fuse  the  images  and  see  straight  lines  as  they  actually  are.  The  insuificiency 
of  the  oblique  muscles  may  be  anatomical  or  caused  by  oblique  As.  Neither 
lenses  nor  prisms  are  of  utiUty  except  that  the  true  cylindrical  correction, 
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properly  located  as  to  the  principal  powers,  removes  the  optical  cause.  Kelief 
may  be  sought  for  the  asthenopia — as  well  as  for  improving  the  sight — by 
rotating  the  head  over  towards  the  one  or  other  shoulder. 

The  Nature  of  the  Asth. — If  there  is  equal  H.  or  M.  in  both  eyes  the  Asth. 
cannot  be  due  to  other  than  disturbance  of  the  relation  between  Ac.  and 
Con.,  unless  it  is  muscular  or  accommodative  owing  to  excessive  demand. 
If  there  is  slightly  different  H.  or  M.  in  the  two  eyes  and  both  have  good  V. 
it  is  most  probably  anisometropic,  but  not  so  if  there  is  a  high  degree  of 
Aniso.,  or  if  V.  is  unequal,  or  if  there  is  only  monocular  or  alternating  V. 
If  there  is  low  As.,  with  good  V.,  it  is  probably  astigmatic  and  not  so  if  the 
As.  is  high  and  V.  defective.  It  can  be  presbyopic  only  if  the  age  warrants. 
Thus  the  Asth.  may  be  due  to  different  defects  but  it  is  of  importance,  when 
treating  a  case,  to  locate  the  chief  cause  or  causes  so  that  the  lenses  prescribed 
may  be  the  means  of  curing  it ;  this  is  sometimes  easy  enough  but  at  others 
the  origin  is  obscure. 

Suppose  a  case  requiring  0.  D.  -1-0  S.  o— '5  C.  and  0.  S.  — 1-5  S.  o 
—  •5  C.  Here  it  is  unlikely  that  the  M.  is  the  cause  of  the  Asth.  but  rather 
the  Aniso.  and  perhaps  the  As. 

In  a  case  needing  for  both  eyes  +  -5  S.  o  +  '25  C.  it  is  improbable,  in  a 
young  person,  that  the  H.  is  the  origin  of  the  Asth.  but  rather  the  As. 

If  a  person  needs  0.  D.  -10  S.  o  --5  C.  and  0.  S.  -11  S.  with  Exo.  of 
5^  it  is  difficult  to  conceive  that  either  As.  or  Aniso.  can  be  the  cause  of 
pain;  this  must  be  due  to  Con.  alone  or  to  Con.  and  Ac. 

In  a  case  where  the  optical  correction  consists  of,  say,  0.  D.  + 1-0  S.  c:- 
+  -75  C.  Ax.  40°;  0.  S.  +  -5  S.  o  +  1-0  C.  Ax.  130°  and  there  is  3^  of  Eso.  and 
1-5^  of  Hyper.,  all  the  classes  of  Asth.  may  be  present  except  the  presbyopic. 

Some  indications  may  be  obtained  from  the  subjective  symptoms.  Thus 
pain  over  the  brow  indicates  undue  accommodative  action,  pains  near  the 
temples  show  excessive  Con.  action  and  strain  on  the  external  recti.  More 
pain  in,  or  over,  one  eye  than  the  other  shows  unequal  muscular  effort,  but 
if  it  is  referred  to  the  eye  requiring  less  Ac.  an  anisometropic  origin  is  elimi- 
nated and  As.  or  Hyper,  suggested. 

Incorrect  lenses  may  cause  Asth. ;  thus  unequal  lenses  may  cause  aniso- 
metropic Asth.;  improper  Cyls.  may  cause  astigmatic  or  cyclophoric  Asth.; 
decentred  lenses  hyperphoric  or  muscular  Asth.;  Cc.  lenses  too  strong, 
accommodative  Asth.  A  hyperope  suffering  no  pain  without  lenses  is  sub- 
ject to  the  asthenopia  of  M.  if  over-corrected,  and  similarly  a  myope  over- 
corrected  is  subjected  to  the  trouble  of  a  hyperope,  and  new  conditions  are 
less  well  tolerated  than  those  to  which  one  is  accustomed.  Pain  is  some- 
times referred  to  the  back  of  the  eyes,  this  being  doubtless  due  to  abnormal 
internal  muscular  action  which  specially  occurs  when  glasses  too  strong  are 
used,  acting  either  as  suppressing  or  exciting  Ac. 

Characteristically  asthenopic-looking  eyes — reddish,  watery  and  weak — 
do  not  always  suffer  from  pain;  yet  they  need  glasses  just  as  much  as  those 
which  are  painful. 
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Nervous  Asth.— Under  this  heading  we  must  group  the  cases  due  to 
various  causes  such  as  nervous  conditions,  hysteria,  functional  disorder?, 
poor  health,  disease,  weakness,  dental  decay,  over-use  of  the  eyes,  faulty 
iritic  action,  bad  lighting,  insanitary  surroundings,  poor  or  insufficient  food, 
want  of  exercise,  etc. 

Accompanying,  or  as  some  of  the  symptoms  of  Asth.,  we  find  headaches 
which  are  termed  frontal  if  felt  over  the  brows,  occijntal  if  at  the  back  and 
y\n\supra-(M^ikil  if  at  the  top  of  the  head.  Pain  near  the  temples  is  usually 
termed  neuralr/ic.  Other  symptoms  are  redness  or  even  an  inflammatory 
condition  of  the  lids  and  conjunctival  membrane.  The  eyes  become  very 
sensitive  to  light  (vide  photophobia),  wind  and  dust;  a  very  small  amount  of 
grit,  or  a  cold  wind,  sets  up  considerable  lacrymation,  and  the  eyes  can 
sometimes  be  opened  only  with  difficulty  to  face  bright  light.  Erythropsia, 
or  red  sight,  the  cause  of  which  is  not  clear,  occasionally  occurs,  but  may 
be  due  to  want  of  endm'ance  of  some  of  the  retinal  elements  or  congestion 
of  the  bloodvessels :  certainly  in  some  cases  the  fundus  and  disc  appear  more 
deeply  coloured  than  is  normally  the  case,  and  the  disc  itself  may  appear 
slightly  indistinct. 

Asth.  is  called  reflex  if  the  exciting  cause  is  remote  from  the  eyes. 
So-called  retinal  Asth.  is  said  to  be  due  to  actual  fatigue  or  exhaustion 
of  the  nervous  elements  of  the  eyes,  and  there  may  be  a  quite  alarming  re- 
j        duction  in  the  visual  acuity.     It  is  in  a  more  permanent  form  that  which 
-        is  called  retinal  exhaustion  (q.v.)  when  temporary.     Quivering  sight  is  some- 
times a  symptom,  also  bad  adaptation  of  the  eyes  to  lowered  illumination — • 
as  shown  by  inability  to  read  certain  types  which  ought  to  be  visible  in  a 
dull  light. 

Rest  for  the  eyes  and  medical  treatment  for  the  originating  cause  are 
the  remedies  to  be  sought  for  reflex,  nervous  and  retinal  Asth. 

Mr.  Charles  Prentice  gives,  as  a  cause  of  Asth.,  inharmonious  action  of 
the  ciliary  and  iris,  and  indeed  this  seems  to  be  a  very  probable  cause. 

Photophobia  (</)ojs-,  light ;  </)o/3os,  fear),  or  intolerance  of  light,  may  be 
due  to  many  causes  which  include  optical  defects;  albinism;  continued  ex- 
posm-e  to  bright  natural,  or  artificial,  light;  hypersesthesia  (undue  sensitive- 
ness) of  the  retina  the  result  of  strain  and  fatigue;  pupils  which  are  abnormally 
large  naturally  or  caused  by  iridectomy,  coloboma  or  aniridia;  want  of 
mobility  of  the  irides.  Coloured  glasses  may  give  relief  and  help  is  derived 
from  a  suitable  arrangement  of  the  illumination,  whether  natural  or  arti- 
ficial, in  which  work  is  usually  done,  so  that  no  direct  artificial  light,  or  too 
much  reflected  sunlight,  enters  the  eyes. 

Photophobia  caused  by  an  error  of  refraction  is  generally  cured  by  a 
correction  of  the  optical  condition.  The  correcting  lenses,  however,  act  not 
only  on  the  eyes  indirectly  by  remedying  the  optical  defect,  but  they  also 
absorb  a  fair  proportion  of  both  heat  and  actinic  rays  and  these  might  very 
well  be  a  source  of  trouble;  they  even  reduce  the  luminous  rays  by  about 
15  per  cent. 


CHAPTER  XIV 

SUBJECTIVE  SIGHT  TESTING 

The  main  practical  points  contained  in  previous  chapters  are  repeated  liere 
in  summarized  form. 

Subjective  sight  testing  consists  of  selecting,  by  a  process  of  exclusion, 
that  sph.  and  cyl.  lens  needed  to  neutralize  the  optical  error  of  an  eye.  A 
judgment  as  to  the  right  correction  is  made  solely  by  the  visual  effects  ob- 
tained from  certain  lenses,  combined  with  a  knowledge  of  what  they  should 
do  in  certain  circumstances.  Thus,  an  over-correcting  Cx.  sph.  makes  V. 
worse,  while  an  over-correcting  Cc.  sph.  does  not  further  improve  it  and, 
practically,  the  same  applies  to  cylindricals. 

In  subjective  testing  success  entirely  depends  upon  the  nature  of  the 
question  and  the  manner  in  which  it  is  put,  in  order  to  elicit  the  desired 
information.  The  optician,  for  instance,  wants  to  know  whether  a  certain 
Cx.  sph.  is  not  strong  enough  or  a  Cc.  is  too  strong;  he  therefore  has  to  find 
out  whether  V.  does  not  become  worse  when  an  addition  of  +  power  is  made 
to  a  lens  that  is  in  the  frame.  If  he  wants  to  know  whether  a  Cx.  is  too 
strong  or  a  Cc.  not  strong  enough,  he  should  ask  whether  the  addition  of 
Cc.  power  causes  improved  V.  Unnecessary  and  vague  questions  must  be 
avoided,  and  questions  must  be  of  such  a  nature  as  to  force  a  reply  that  will 
give  the  desired  knowledge  of  what  the  next  step  is  to  be — whether  the  change 
shall  be  in  the  direction  of  increasing,  or  of  decreasing,  the  power  of  the  lens 
which  is  in  front  of  the  eye  at  the  moment. 

It  is  advisable  to  increase  or  decrease  -t-  or  —  power  by  holding  another 
weak  lens  in  front  of  the  one  in  the  frame,  as  then  a  comparison  can  be 
made  far  better  than  if  the  one  lens  be  removed  and  another  inserted. 

Thus  suppose  a  subject  has  a  +2-0  S.  before  the  eye  and  V. =6/4-5;  if 
it  is  still  the  same  with  +-25  S.  added,  the  +2-0  S.  is  to  be  exchanged  for 
+  2-25  and  the  process  repeated;  on  the  other  hand  if  No.  4-5  is  blurred 
with  the  added  +  -25  S.,  no  further  +  power  will  be  accepted.  But  if  with 
—  •25  S.,  V.  is  improved  so  that  perhaps  the  next  line  is  read,  the  -i-2*0  S. 
is  exchanged  for  -i- 1-75  J),  and  so  on.  Similarly  with  a  case  of  myopia  the 
optician  needs  to  find  out  whether  an  added  —  power  enables  the  subject 
to  read  a  line  of  smaller  types,  or  whether  an  added  +  enables  him  to  still 
read  the  same  line,  or  in  As.  whether  a  certain  cyl.,  either  +  or  — ,  leaves  the 
blacker  bars  still  black,  equalizes  them  with  those  at  right  angles,  or  renders 
the  latter  the  clearer. 

As  stated  previously,  the  optician  can  only — in  the  absence  of  cycloplegia 
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The  radial  lines  of  the  dial  (shown  vertical  above)  are  directed  outwards  from  the 
centre;  the  tangential  lines  are  at  right  angles  to  these.  The  revolving  dial  is  so  used 
that,  in  all  cases  of  astigmatism,  the  radial  lines  are  those  which  are  most  clearly  seen. 

The  numeration  of  the  meridians  on  the  fan  and  dial  is  so  arranged  that,  when  in 
position,  the  apex  of  the  radial  group  on  the  dial  indicates  the  meridian  of  the  axis  of  the 
required  cylindrical  in  a  trial  frame  having  standard  notation. 

Every  detail  of  the  "  Orthops  "  Chart  has  been  determined  or  calculated  with  a  definite 
object,  and  on  scientific  principles. 

To  Juee  page  ^i'j. 
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— measure  and  deal  with  the  manifest  optical  condition  so  that  in  general  it 
may  be  said  that  the  theoretical  correction  of  H.  and  M.  is,  respectively, 
the  strongest  +  or  weakest  —  lens  with  which  the  highest  possible  visual 
acuity  is  obtained  loiihout  excessive  Ac.  being  used.  The  latter  is  a  variable 
quantity  governed  by  the  amplitude  possessed  and  by  the  muscular  balance; 
in  H.  it  is  an  amount  equal  to  the  latent;  in  M.  it  varies  between  0  in  the 
higher,  to  an  amount  not  usually  exceeding  1  D.  in  the  lower  degrees.  Since 
Ac.  varies  with  and  without  binocular  fixation,  the  measure,  and  even  ap- 
parent nature,  of  a  defect,  when  both  eyes  are  engaged,  may  differ  from 
that  found  for  each  eye  separately.  The  measure  of  a  defect  or  its  theoretical 
correction  is  not  necessarily  what  is  actually  required. 

Throughout  this  chapter  it  is,  of  course,  presumed  that  the  eyes  are 
healthy  and  that  normal  vision,  as  defined  in  Chapter  V.,  is  reached  in  all 
cases.  The  precautions  as  to  disease,  and  cases  unsuitable  for  correction  by 
the  non-medical  refractionist,  are  dealt  with  in  a  separate  chapter. 

Summarized  Visual  Indications. — In  H.  and  H.  As.  the  vision  may  be 
either  normal  or  subnormal.  In  M.,  M.  As.  and  Mixed  As.  the  vision  must  be 
subnormal.  Thus  if  V.  is  normal  the  condition  must  be  either  Em.,  H.  or 
low  H.  As.  and  cannot  be  M.,  M.  As.,  or  Mixed  As.;  while  if  V.  is  subnormal 
the  condition  may  be  that  of  any  single  error  or  any  possible  combination 
of  errors. 

Routine  of  Subjective  Sight  Testing.— It  is  presumed  that  the  "  Orthops  " 
chart  is  employed,  but  the  descriptive  matter  applies  equally  well  to  any 
other  types  and  charts.  The  Orthops  chart,  however,  renders  subjective 
sight  testing,  especially  for  As.,  particularly  definite  and  easy;  it  is  illus- 
trated opposite  this  page.  Although  the  following  routine  may  sometimes 
need  to  be  broken,  or  altered,  it  is  that  which  should  be  followed  in  ordinary 
cases.  The  word  record  means  to  enter  the  detail  at  that  stage  of  the  test, 
and  not  to  trust  to  memory. 

1.  Take  the  binocular  V.  by  causing  the  types  to  be  read  as  low  as 
possible. 

2.  Occlude  0.  S.,  take  and  record  V.  of  0.  D. 

3.  Occlude  0.  D.,  take  and  record  V.  of  0.  S. 

4.  Put  on  and  adjust  trial  frame.     Occlude  0.  S. 

5.  Determine  the  presence  or  absence  of  manifest  H.  in  0.  D.  or  the 
presence  or  absence  of  M.  and — 

(a)  Fog  the  sight  by  over-correcting  H.  or  under- correcting  M. 

(6)  Determine  As.  if  present  and  roughly  the  principal  meridians 
with  the  fan. 

(c)  Determine  exactly  the  priucij)al  meridians  with  the  diamond. 

{d)  Correct  the  As. 

(e)  Complete  the  correction  of  the  H.  or  M.  according  to  rules 
given. 

If  there  is  no  As.  but  simply  manifest  H.  or  M.,  (6),  (c)  and  {d), 
of  course,  do  not  apply. 
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6.  Occlude  0.  D.  and  test  0.  S.  in  a  similar  manner. 

7.  Compare  V.  A.  of  each  eye. 

8.  Take  P.  P.  of  each  eye  separately  with  correcting  lenses.     If  in  7 
or  8  there  is  inequality,  revise  5  and  6. 

9.  Record  d,  e,  6,  7  and  8. 

10.  Take  the  Hor.  and  Ver.  muscular  balance.     Record. 

11.  Test  binocularly  if  necessary. 

12.  Change  the  spherical  correction  if  necessary.     Record. 

13.  Test  ability  to  read  hand  types.  Record.  If  subnormal  also  the 
distance  for  others  than  presbyopes. 

14.  Determine  Pres.  if  necessary. 

15.  Correct  Pres.  if  present.     Record. 

16.  Test  field  of  vision.     Record. 

17.  Ascertain  general  effect  of  the  proposed  lenses  for  distance  and  reading, 
also  the  binocular  V. 

18.  Fit,  or  measure  for,  the  frame.     Record. 

The  Practical  Testing  of  the  Various  Conditions. 

The  Spherical  Test. — We  endeavour  to  find  the  highest  possible  +  and 
the  lowest  possible  —  Spherical  power  with  which  the  best  V.  A.  is  obtained. 
Now  to  select  the  cylindrical  it  is  absolutely  essential  that  the  eye  he  fogged  by 
an  over-correcting  +  or  under-correcting  —  spherical;  hence  the  jjower  of 
the  reqxdred  spherical  is  determined  after  that  of  the  cylindrical.  When  the 
astigmatism  has  been  corrected,  +  sph.  power  is  added  so  long  as  it  improves 
or  does  not  make  vision  worse  or  —  sph.  power  is  added  so  long  as  it  im.proves 
vision.  This  addition  is  made  whether  there  is,  or  is  not,  an  original  spherical 
and  to  avoid  repetition  in  the  following  notes  we  will  term  this  the  spherical  test. 

The  term  "  accept "  is  used  to  denote  the  fact  that  a  Cx.  lens,  or  a  stronger 
Cx.,  as  the  case  may  be,  does  not  blur  the  sight.  The  term  is  not  employed 
in  connection  with  Cc.  lenses. 

Low  to  Medium  Hypermetropic  Errors. — If  V.  is  normal  or  nearly  so,  say 
6/9  or  better,  a  weak  +  sph.  is  employed  and  whether  it  does  or  does  not 
blur,  its  strength  is  increased  until,  or  so  long  as,  V.=6/9.  Then  As.  is 
sought  and  if  none  is  determined  the  fogging  lens  is  reduced  by  adding  — 
power  until  vision  is  normal.  There  is  H.  of  low  degree  if  best  V.  is  obtained 
by  the  addition  of  a  Cc.  which  is  weaker  than  the  Cx.,  and  there  may  be 
Em.  if  the  two  are  numerically  equal. 

If  As.  is  determined,  it  is  corrected  with  a  —  cyl.  and  the  ultimate  result 
of  the  spherical  test  may  determine  the  manifest  condition  to  be  a  low  degree 
of  compound  H.  As.,  Simple  H.  As.,  mixed  As.,  or  even  M.  As.  Suppose 
a  case  where,  without  lenses,  V.=6/6  and  that  it  is  fogged  to  6/9  by  -t- 1  D. 
Then  if  —•5  D.  cyl.  corrects  the  As.  there  is  a  manifest  condition  of:- — 

{a)  Compound  H.  As.  if  best  V.  A.  results  from  adding  --25  sph.,  since 
then  the  final  combination  is  +  -75  S.  o  --5  C. 
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(6)  Simple  H.  As.  if  best  V.  A.  results  from  adding  —-5  sph.,  since  then 
the  final  combination  is  equivalent  to  +*5  C. 

(c)  Mixed  As.  if  best  V.  A.  results  from  adding  —-75  sph.,  since  then 
the  final  combination  is  +  -25  S.  o:  — -5  C. 

{d)  Simple  M.  As.  if  best  V.  A.  results  from  adding  —1  sph.,  since  then 
the  final  combination  is  equivalent  to  —-5  C. 

(e)  Compound  M.  As.  if  best  V.  A.  results  from  adding  —1-25  sph.,  since 
then  the  final  combination  is  —'25  S.  o  — '5  C. 

Of  these  (c)  would  be  exceptional  and  {d)  and  (e)  impossible  if  + 1-0  S. 
fogged  the  V.  to  6/9.  The  three  examples  have  been  added  rather  as 
illustrations  of  the  changes  in  the  nomenclature  of  the  class  of  As.  which 
results  from  the  addition  of  sph.'s  to  a  given  sph.  and  cyl.  already  in  the 
frame.  If,  in  cases  like  these,  the  —  cyl.  is  fairly  strong  compared  with  the 
+  sph.,  say,  — -TS  D.  or  —1  D.,  not  only  is  it  possible  that  no  reducing  — 
sph.  is  needed  to  improve  the  sight  but,  on  the  contrary,  more  +  sph.  power 
may  be  accepted  without  blurring. 

Medium  to  High  Hypermetropic  Errors. — If  V.  is  subnormal,  a  +  sph.  of, 
say,  1  D.  is  employed  and  if  this  does  not  impair,  or  if  it  improves  V.,  the 
case  is  obviously  one  of  H.  and  the  strength  of  the  lens  is  increased  until, 
and  so  long  as,  the  highest  V.  A.  is  obtained.  If  V.  is  made  normal  the 
power  of  the  +  sph.  should  be  still  further  increased  by  about  -75  D.,  so  as 
to  fog  to  6/9  and  the  test  is  completed,  as  described  in  the  previous  article, 
by  {a)  determining  the  As.  if  any,  (b)  correcting  the  As.  with  a  —  cyl.,  (c) 
applying  the  spherical  test. 

If  V.  cannot  be  made  normal  with  any  +  sph.  it  is  because  there  is, 
probably,  a  considerable  degree  of  As.  When  the  best  possible  sight  is 
obtained,  As.  and  the  principal  meridians  should  be  determined.  The 
strongest  +  sph.,  with  which  the  originally  clearest  bars  are  still  clearly 
seen,  is  selected  and  the  test  continued  by  finding  the  strongest  +  cyl. 
which  equalizes  the  bars  of  the  astigmatic  dial.  Or  alternatively,  the  strongest 
+  sph.  is  found  with  which  the  originally  blurred  bars  are  clearly  seen,  and 
the  test  continued  by  finding  the  weakest  —  cyl.  with  which  the  other  bars 
are  made  equally  clear.  The  latter  method  is  to  be  preferred  but  in  either 
the  routine  is  completed,  after  the  cyl.  is  selected,  by  the  spherical  test. 

With  the  +  sph.  first  tried  the  effect  may  be  indefinite  because  (apart 
from  the  possibility  of  M.)  there  may  be  H.  of  so  high  a  degree  that  a  +  1  D. 
causes  no  imr)rovement  in  sight.  In  these  cases,  by  increasing  the  power  of 
the  +  sph.  some  definite  deduction  can  be  drawn. 

If  notwithstanding  increased  +  power  the  improvement  or  blurring  of  V. 
is  still  vague,  the  case  is  probably  one  of  (a)  simple  H.  As.  (b)  low  H.  with 
high  H.  As.  (c)  mixed  As.  with  the  H.  predominating.  In  these  cases  the 
As.  is  determined  and  corrected  by  finding  the  strongest  +  sph.  with  which 
either  set  of  bars  of  the  chart  is  clear,  and  equalizing  the  two  sets  by  the 
weakest  —  cyl.;  the  spherical  test  then  follows.  If  the  ultimate  —  cyl.  is 
numerically  higher  than  the  +   sph.,  the  case  is  mixed  As.;  if  it  is  of  the 
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same  power,  there  is  simple  H.  As.,  and  if  of  lower  power  there  is  compound 
H.  As.  In  some  of  these  last  described,  there  being  little  or  no  H.,  the  case 
may  be  better  and  more  easily  tested  by  employing  a  +  cyl.,  instead  of  the 
+  sph.  and  -cyl.,  followed  by  the  spherical  test.  If  from  the  latter  a  +  sph. 
is  accepted,  the  case  is  compound  H.  As. ;  if  no  +  sph.  is  accepted,  it  is 
simple  H.  As.,  and  if  a  —  sph.  improves  the  sight  it  is  mixed  As. 

Low  Myopic  Errors. — ^If  V.  is  subnormal  and  a  +  sph.  blurs,  the  case 
is  probably  M.  If  V.  is  better  than  6/60,  the  error  cannot  be  of  so  high  a 
degree  as  3  D.  An  attempt  should  at  once  be  made  to  determine  As.  if 
V.=6/36  or  better,  or  after  improving  it  to  6/36  when,  unaided,  it  is  less 
than  6/36.  Should  As.  not  be  then  determined,  V.  should  be  improved 
from  6/36  to  6/18  by  a  Cc.  sph.  and  a  similar  attempt  made;  if  again  un- 
successful the  V.  should  be  further  improved  to  6/9  and  again  As.  is  to  be 
determined  if  possible.  To  improve  V.  from  6/60  to  6/36,  from  6/36  to 
6/18  and  from  6/18  to  6/9  requires  in  each  case  about  — 75  S.  and  the 
weakest  possible  —  lens  must  always  be  employed.  If  the  As.  is  high  it 
will  be  determined  when  V.=6/36;  if  low,  but  over,  say,  1  D.  it  will  be 
determined  at  6/18;  if  less  than  1  D.  it  will  be  determined  at  6/9.  If  then 
no  As.  is  apparent,  the  case  is  one  of  simple  M.  and  is  completed  by  the 
spherical  test. 

If  As.  is  determined  at  any  of  the  three  stages  mentioned  it  must  be 
corrected  with  the  weakest  —  cyl.  with  which  the  two  divisions  of  the  As. 
diamond  become  equally  clear.  After  the  cyl.  is  selected  the  spherical  test  is 
applied  but  this  will  never  result  in  a  reduced  Cc.  power  if  due  precaution 
has  been  taken  to  keep  the  M.  so  far  under-corrected. 

Medium  and  High  Myopic  Errors. — If  a  +  sph.  blurs,  when  V.  is  less 
than  6/60,  and  is  improved  by  a  —  sph.,  the  latter  is  increased  in  power 
until  V.  =  6/60,  further  improved  to  6/36  and  the  test  then  continued  as 
in  low  degrees  of  M.  errors.     This  is  the  usual  procedure  in  compound  M.  As. 

When  the  improvement  in  V.  is  vague  and  indefinite  with  a  —  sph.  or 
if  no  improvement  results,  a  determination  of  As.  should  be  at  once  made 
if  possible.  This  may  occur  in  simple  M.  As.  of  high  degree,  or  in  com- 
pound M.  As.  with  the  As.  high  and  the  M.  low,  or  in  mixed  As.  with  the 
M.  predominating.  The  correction  of  the  As.  having  been  made,  if  from 
the  spherical  test  there  results  a  —  sph.  there  is  compound  M.  As.,  and  if 
a  +  sph.  there  is  mixed  As. ;  if  no  sph.  is  needed,  there  is  simple  M.  As. 

Mixed  As. — The  correction  of  cases  of  mixed  As.,  where  the  one  error 
is  low  compared  with  the  other,  has  already  been  mentioned.  Where  the 
H.  strongly  predominates  over  the  M.,  or  the  M.  over  the  H.,  the  case  re- 
sembles respectively  simple  H.  As.  and  simple  M.  As.  Where  V.  is  sub- 
normal and  a  +  sph.  blurs,  or  vaguely  improves  V.,  or  a  —  sph.  has  a  similar 
efiect,  it  is  probably  because  the  lens  improves  vision  for  the  one  principal 
meridian  and  impairs  it  for  the  other.  Generally  in  such  a  case,  without 
lenses,  the  perception  of  all  the  As.  bars  is  equally  bad.     Putting  up  a  -t-  sph. 
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lens  of,  say,  2  D.  the  As.  may  at  once  be  determined.  Tf  this  occurs  there 
is  selected  the  strongest  +  sph.  with  which  the  one  set  of  bars  on  the  As. 
diamond  is  clearly  defined.  When  this  +  sph.  has  been  selected,  the  cor- 
rection of  the  As.  is  made  with  the  weakest  —  cyl.  that  equalizes  the  two 
halves  of  the  diamond  and  gives  the  most  acute  V.  The  Cc.  cyl.  must, 
if  the  case  be  one  of  mixed  As.,  of  necessity  be  numerically  higher  than  the 
+  sph.  Or  the  test  can  be  made  with  a  —  sph.  and  a  +  cyl.,  the  sph.  being 
the  weakest  and  the  cyl.  the  strongest  that  gives  best  possible  vision. 

When  mixed  As.  is  suspected  the  stenopseic  slit  can  be  employed  with 
a,  say,  +  2  D.  sph.  The  hypermetropic  principal  meridian  is  located  by 
rotating  the  slit  until  best  V.  is  obtained,  and  the  correction  for  that  meridian 
is  found  by  selecting  the  strongest  +  sph.  that  gives  the  most  acute  V. 
The  lens  is  withdrawn,  the  slit  turned  to  the  meridian  at  right  angles  to 
the  first,  and  the  weakest  —  sph.  that  gives  best  V.  is  selected  for  that 
meridian.  Having  found  the  two  principal  powers  approximately,  the  slit 
is  then  removed,  and  the  equivalent  —  sph.  o  +  cyl.  put  up.  A  final  adjust- 
ment of  the  sph.  and  cyl.  must  be  made,  increasing  the  +  and  reducing  the 
—  power  to  obtain  full  equality  of  the  two  parts  of  the  As.  diamond  and 
the  greatest  acuteness  of  V.  As  a  rule,  a  change  of  the  sph.  element  of  the 
combination  renders  necessary  a  change  in  the  cyl.  element  and  vice  versa. 

The  Binocular  Spherical  Test. — In  all  cases  the  binocular  test  would, 
most  likely,  cause  a  change  in  the  measure  of  the  sph.  correction  and  even 
alter  the  apparent  nature  of  the  defect.  The  change  is  nearly  always  in 
the  direction  of  higher  +  and  weaker  —  sphericals.  Thus  an  apparent  Em. 
monocularly  may  manifest  H.  in  the  binocular  test  by  accepting  a  pair  of 
weak  +  sphericals. 

The  acceptance  of  a  pair  of  weak  +  sphs.  when  the  monocular  measure 
of  the  defect  was  a  —  cyl.  converts  apparent  simple  M.  As.  into  mixed  As. 
Even  low  apparently  compound  M.  As.  may,  by  the  acceptance  of  +  spheri- 
cals binocularly,  become  manifestly  compound  H.  As.  The  essential  point 
is  that  the  true  measure  of  th  manifest  error  is  not  obtained  until  after 
the  binocular  test  has  been  made. 

Checks  on  Tests. — Compare  quickly  the  V.  A.  of  each  eye  by  occluding 
first  the  one  and  then  the  other.  Time  must  not  be  allowed  for  Ac.  to  be 
exerted  or  relaxed. 

Compare  the  P.  P.  of  each  eye. 

Compare  the  P.  R.  of  each  eye,  making  them  M.  by  the  addition  of,  say, 
+  4D. 

Add  +-25  D.  to  each  eye,  the  sight  of  each  should  be  equally  blurred; 
or  the  addition  of  + 1  D.  to  both  eyes  should  leave  them  with  equal  V.  A. 

This  last  will  show,  by  its  blurring  the  sight,  whether  manifest  H.  is  fully 
corrected  or  M.  not  over-corrected.  A  pair  of  +  -25  D.  employed  binocularly 
is  more  definite  still. 

For  As.  if  just  corrected,  a  +  "5  Cyl.  axis  corresponding  to  that  of  the 
correcting  cyl.,  and  placed  at  right  angles  thereto,  will  blur  the  sight  equally. 
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If  the  correcting  cyl.  is  rotated,  from  the  selected  position,  sufficiently  to 
blur  the  sight  one  line,  it  should  cause  a  similar  blur  if  rotated  a  similar 
number  of  degrees  the  other  way,  if  the  selected  position  of  the  axis  is  correct. 

Notes  on  Practical  Testing. — With  Cx.  sphericals  it  is  not  necessary  to 
try  the  effect  of  every  one  between  the  determining  and  the  correcting  lens ; 
several  of  the  series  can  be  skipped  and  then,  if  one  tried  proves  too  strong, 
its  strength  can  be  reduced,  either  by  adding  a  Cc.  or  by  changing  for  a 
weaker  one. 

With  Cc.  sj^hericals  the  power  of  the  lens  should  be  very  slowly  increased 
by  half,  or  even  quarter,  diopters  when  V.  is  6/60  or  better.  If  V.  is  less 
than  6/60  the  power  of  the  lens  may  be  increased  rapidly  until  6/60  is  reached. 

Kesults  not  obtained  within  a  reasonable  time  will  most  likely  prove 
unsatisfactory,  as  the  eyes  get  tired  and  fail  to  respond  to  slight  differences 
of  optical  effect.  It  is  better  to  make  another  test  on  another  occasion, 
giving,  if  thought  advisable,  a  pair  of  sph.  lenses  for  temporary  use. 

The  general  effect  of  the  selected  lenses  should  be  tried  as  to  their  being 
comfortable  when  looking  about,  and  especially  for  reading. 

If  the  lenses  are  required  for  special  distances  in  Pres.,  as  for  pulpit 
reading,  music  reading,  clerking,  carpentering,  etc.,  the  glasses  needed  for 
such  distance  should  be  selected  and  their  suitability  tested. 

The  final  spherical  correction  needed  is  determined  only  after  the  cylin- 
drical, or  after  the  absence  of  As.  has  been  proved.  The  chief  cause  of 
erroneous  findings  for  optical  errors  lies  in  the  attempt  to  correct  the 
spherical  error  before  the  cylindrical. 

It  is  the  above  which  is  the  main  reason  for  that  very  common  mistake 
of  giving  Cc.  cyls.  or  sphs.  when  Cx.  are  really  required  or  the  finding  of  a 
Cc.  sph.  too  strong.  The  mistake  is  the  more  easily  made  because  Ac.  is  active 
with  young  people. 

The  chief  difficulty  is  found  in  those  cases  where  the  V.  A.  does  not  reach 
the  standard.  The  optician  needs  to  be  quite  sure  that  the  case  does  not 
need  medical  attention  before  he  takes  on  himself  the  responsibility  of  pre- 
scribing lenses. 

With  strong  lenses,  it  must  not  be  forgotten  that  the  finished  lenses  in 
their  frame  will  not  have  precisely  the  same  effectivity  as  the  trial  lenses  in 
the  trial  frame. 

Lenses  should  never  be  prescribed  from  objective  tests  alone.  They 
must  be  confirmed — and  amended  if  necessary— by  the  subjective  test; 
the  human  eye  is  not  an  optical  instrument  only,  it  is  a  part  of  a  living 
being. 

An  exact  correction  may  be  possible,  but  it  is  not  very  probable  for  any 
distance,  and  is  impossible  for  all  distances;  every  pair  of  prescribed  lenses 
is  more  or  less  of  a  compromise.  We  cannot  make  the  lenses  integral  parts 
of  the  eyes. 

To  compare  the  effect  on  vision  of  one  lens  with  another,  they  should  on 
no  account  be  changed,  but  there  should  be  added  another  lens  to  that  in 
the  frame.     It  is  better  to  compare  by  adding  a  weak  —  power,  thus  com- 


SUBJECTIVE  SIGHT  TESTING  235 

paring  a  stronger  +  with  a  weaker  one,  and  a  weaker  —  with  a  stronger  one, 
but  this  may  not  always  be  possible.  Lenses  should  not  be  prescribed  without 
testing  the  muscular  balance.  The  latter  also  indicates  the  necessity  for 
the  binocular  test.  The  lenses  prescribed  are  not  necessarily  the  full  measure 
of  the  manifest  optical  error. 

As  an  aid  to  testing  difficult  cases  when  the  pupil  is  large  a  disc  with  a 
circular  aperture  of  about  2  mm.  is  useful. 

When  ordering  lenses  it  should  be  remembered  that  periscopic  lenses, 
whether  sph.  or  sph.  cyl.,  are  to  be  preferred. 

The  effect  of  low  power  corrections  (they  must  be  real  corrections)  is  fre- 
quently surprisingly  great.  The  believers  in  the  value  of  low  power  lenses 
are  increasing  in  direct  proportion  with  increased  knowledge  of  ocular  optics. 
Faith  in  the  prescriber  plays  a  certain  part  also  in  the  success  obtained. 

Correction  or  no  Correction. — Low  errors  of  refraction,  especially  in 
young  and  robust  individuals,  frequently  do  not  need  correction,  although 
later  in  life  they  may.  At  the  same  time,  as  previously  stated,  it  is  the  low 
errors  rather  than  the  high  ones  that  give  rise  to  asthenopia;  the  person  who 
is  most  proud  of  the  keenness  of  his  sight  is  the  one  who  is  most  likely  to 
suffer  from  the  effects  of  eye  strain,  although  of  course  he  does  not  think  so . 
Low  errors  of  refraction  are  more  likely  to  need  correction  when — 

(a)  The  disposition  of  the  individual  is  of  the  nervous  type. 

(6)  The  health  is  bad  or  delicate. 

(c)  After  an  illness. 

(d)  There  is  constant  application  of  the  eyes  to  close  work. 

(e)  The  occupation  is  followed  largely  in  bad  or  artificial  light. 
(/)    The  pupils  are  large. 

Whether  a  correction  is  needed  or  not  must  be  a  matter  for  consideration 
in  each  individual  case,  and  no  definite  rules  can  be  laid  down. 

It  must  be  remembered  that  a  person  seeks  advice  about  his  eyes  either 
because  he  has  painful  sight  constantly,  or  in  near  vision  only,  or  because  he 
has  defective  distant,  or  near,  vision,  or  both.  The  question  is,  of  course, 
whether  lenses  will  certainly,  or  probably,  rectify  the  conditions  for  which 
the  optician  is  consulted. 

The  most  pronounced  and  commonest  subjective  symptom,  pointing  to 
the  need  of  corrective  lenses,  is  headache  which  varies  greatly  in  location,  in 
intensity  and  in  nature  of  pain.  It  may  be  dull  and  persistent,  intense  and 
of  short  duration,  or  sharp,  of  the  so-called  neuralgic  type.  Some  authorities 
assign  to  eye  strain  many  of  the  minor,  and  indeed  major,  ills  to  which 
mankind  is-  subject,  such  as  functional  irregularities,  insomnia,  dyspepsia, 
neurosis,  neurasthenia,  and  hysteria,  heart  troubles,  epilepsy,  St.  Vitus'  dance, 
insanity,  etc.  It  is  not  germane  to  the  nature  of  this  book  even  to  pretend 
to  deal  with  pathological  conditions,  but  the  optician  should  know  at  least 
two  facts,  the  one  being  that  cases  requiring  medical  treatment  should  be 
treated  by  the  medical  man,  and  the  other  is  that  the  beneficial  effect  of 
true  corrective  lenses — -especially  weak  ones — may  go  far  beyond  that  which 
is  directly  shown  on  the  sight,  or  on  the  eye  as  the  seeing  organ. 
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Outward  or  Objective  Signs  of  Ametropia. — Frequently  the  general  contour 
of  the  head  and  face  and  appearance  of  the  eyes  themselves  are  characteristic 
of  certain  errors  of  refraction.  Thus  H.  is  often  associated  with  small  sunken 
globes  in  which  the  pupil  may  be  small,  the  anterior  chamber  shallow  and  the 
sclerotic  takes  a  strong  curve  backwards  towards  the  equator.  In  addition 
the  hypermetropic  eye,  being  more  nearly  spherical  in  shape,  moves  rapidly 
and  over  a  large  field  while  both  eyes  frequently  have  an  appearance  of 
divergence  owing  to  the  comparatively  large  angle  «.  Since  the  foregoing 
are  characteristic  of  a  short  axial  length,  the  external  appearances  of  a  myopic 
eye  are  naturally  the  reverse ;  thus  the  globe  is  prominent,  the  pupil  is  large, 
the  aqueous  is  deep,  and  the  movements  sluggish,  the  myope  rather  turning 
the  head  than  the  eyes  in  oblique  vision ;  the  binocular  appearance  is  that  of 
convergence  owing  to  the  relative  smallness  of  angle  «.  Astigmatism  is 
sometimes  indicated  by  a  slightly  elliptical  cornea  and  pupil  and  anisometropia 
by  general  asymmetry  of  the  head  and  features.  Astigmats  particularly 
indulge  in  the  habit  of  holding  the  head  sideways  when  looking  at  an  object, 
and  especially  during  a  test,  or  if  they  are  wearing  sphericals  only  or  incorrect 
cylindricals. 

Of  course,  there'may  be  many  exceptions  to  these  indications,  especially 
those  for  H.  and  M. ;  thus  myopia  is  often  found  in  apparently  small  sunken 
globes  and  hypermetropia  in  bold  prominent  eyes  so  that  the  above  must  by 
no  means  be  taken  as  applicable  in  every  case,  the  apparent  size  depending 
on  the  palpebral  opening.  Muscular  troubles  may  sometimes  be  accom- 
panied by  inclination  of  the  head  or  glasses. 

Ocular  Exercises. 

If  J^harmony  between  Ac.  and  Con.  be  restored  by  lenses,  the  ordinary 
exercise  of  Con.  and  lateral  movements  of  the  eyes  serve  sufficiently  well  to 
strengthen  weakened  muscular  functions  or  to  restore  relative  equality  of 
power  between  antagonistic  muscles.  This  is  natural  training,  special 
training  being  called  for  only  if  the  former  fails. 

In  the  same  way  the  use  of  glasses  naturally  improves  the  fusion  sense  and 
cures  partial  amblyopia,  also  the  accommodative  action  is  increased  by 
the  use  of  suitable  concave  lenses,  where  this  function  has  been  depleted  in 
high  M. 
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In  fact  the  correcting  lenses,  by  adapting  the  entering  light  to  the  eyes, 
enable  the  latter  to  rid  themselves  of  troubles  resulting  from  attempting  to 
adapt  themselves  to  the  entering  light. 

Special  Exercises  for  Amblyopia  and  Fusion. 

To  exercise  one  partially  amblyopic  eye  it  should  be  used  by  itself  for 
distance,  with  correcting  lenses,  the  better  eye  being  occluded;  or  it  can 
be  used  in  company  with  the  better  eye,  the  latter  having  its  visual  power 
reduced,  by  means  of  a  smoke  glass,  to  equal  the  other.  After  thus  using 
the  defective  eye  for  some  days,  for  a  quarter  to  half  an  hour,  two  or  three 
times  daily,  the  following  and  more  important  exercise  is  given.  The  ambly- 
opic eye  is  exercised,  the  other  being  occluded,  by  reading  with  the  correcting 
lens  the  smallest  possible  type.  This  exercise  should  be  for  a  few  minutes  at 
first,  the  time  being  gradually  increased  and  the  size  of  type  decreased  as  the 
visual  faculty  is  improved;  writing  and  drawing  are  useful  alternative 
occupations. 

In  hypermetropic  cases,  a  surgeon  sometimes  puts  the  better  eye  under 
atropine,  thus  enforcing  constant  use  of  the  defective  eye,  or  he  occludes  the 
good  eye  with  a  shade.  With  adults,  or  children  of  sufficient  intelligence,  a 
frame  having  an  opaque  disc  for  the  good  eye  can  be  employed.  For  those 
other  than  young  children,  bar  reading  (described  in  the  bar  test)  is  good 
practice;  or  for  the  same  jDurpose,  a  fairly  thick  pencil,  or  small  rod  held 
vertically  between  the  eyes  and  print,  may  be  substituted  for  the  bar.  This 
will  force  the  bad  eye  to  be  used  in  conjunction  with  the  other,  and  is  practi- 
cally the  same  as  that  employed  for  improving  the  sense  of  fusion. 

For  exercises  with  the  stereoscope  and  amblyoscope  see  Chap.  XI. 

Special  Exercises  for  the  muscles  are  described  in  Chap.  X. 

Special  Exercise  for  Ac. — The  strongest  pair  of  Cc.  lenses  that,  without 
excessive  strain,  allows  of  clear  vision,  is  alternately  used  and  not  used  for 
viewing  No.  6  type  at  6  m. ;  the  exercise  may  be  varied  by  gradually  approach- 
ing the  type.  In  the  former  the  Ac.  is  brought  into  action  without  Con. ;  in 
the  latter  exercise  it  is  assisted  by  Con. 

Tests  for  Binocular  Vision. 

It  is  by  no  means  easy  to  determine  whether  there  is  alternating  or  simul- 
taneous binocular  vision.  If  the  subject  has  never  enjoyed  fusion  he  cannot 
assist,  and  although  he  sees  with  both  eyes,  the  vision,  may  be  alternating. 
The  following  tests  can  be  employed. 

Bar  Test.— Some  print  is  read  by  the  subject,  and  a  bar  (Fig.  79)  is  placed 
in  the  median  hne  between  his  eyes  and  the  print.  The  bar  is  a  strip  of  metal 
about  1  cm.  in  diameter  and  bent  at  each  end  to  a  right  angle.  This  is  laid 
vertically  across  the  page  and  the  subject  holds  his  head  33  cm.  or  40  cm. 
away.     If  the  subject  can,  without  halting,  continue  to  read  the  whole  of  a 
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few  lines  lie  has  simultaneously  binocular  vision.  If  one  eye  only  sees,  part 
of  the  print  on  the  same  side  as  the  non-seeing  eye  will  be  blocked  out  by  the 
bar.  This  is  the  most  simple,  rapid  and  easily  applied  binocular  vision  test. 
In  place  of  the  special  bar,  any  strip  of  wood  or  rule  serves  the  same  purpose. 
If  the  rule  used  is  wide  it  must  be  held  fairly  close  to  the  eyes,  and  whatever 
width  it  is,  care  must  be  taken  that  it  be  held  sufficiently  close  so  as  not  to 
occlude  the  same  print  from  both  eyes. 

The  Red-green  Test,  commonly  called  the  FRIEND  test,  consists  of  the 
word  "  friend  "  printed  alternately  in  green  and  red  letters  on  a  black  card,  or 
formed  of  transparent  letters  on  glass,  the  rest  of  the  latter  being  opaque. 
If,  say,  before  the  right  eye  a  red  glass  be  placed,  the  green  letters  cannot  be 
seen,  while  the  red  letters  cannot  be  distinguished  by  the  left  eye  before  which 
a  green  glass  is  placed.  With  these  glasses,  if  the  subject  reads  the  complete 
word  "  friend  "  both  eyes  see;  if  he  reads  "  red,"  only  the  right  eye  sees;  if  he 
reads  "  fin  "  only  the  left  eye  sees.  It  is  an  excellent  test  for  learning  whether 
vision  is  alternating,  for  then  the  subject  would  alternately  read  "  red  "  and 
"  fin." 


Fig.  79. 


Prism  Test. — While  the  other  tests  mentioned  are  subjective,  this  is  objective 
and  exceedingly  valuable.  If  a  seeing  eye  views  an  object  through  a  prism,  it 
must  rotate  towards  the  edge  of  the  prism  in  order  that  the  image  shall  fall  on 
the  macula.  The  subject  is  directed  to  view  a  distant  object  and  a  prism  of 
4°  base  out  is  placed  in  front  of  the  one  eye  which,  if  it  turns  towards  the  edge, 
must  be  a  seeing  eye.  The  other  is  similarly  treated  and,  if  both  respond, 
there  is  obviously  binocular  vision.  The  eye  must  be  regarded  behind  the 
prism  and  not  through  it ;  otherwise  the  observer  may  mistake  the  deviation 
caused  by  his  looking  through  the  prism  at  the  observed  eye,  for  an  actual 
deviation  of  the  latter.  This  test  is  infallible  for  proving  binocular,  but  not 
simuUaneom  vision.  If,  when  a  prism  is  placed  before  an  eye,  double  vision 
results,  there  must  be  simultaneous  binocular  vision,  and  it  is  as  simple  as  any 
test  for  this  purpose. 

The  Maddox  Rod  Test. — The  rod  or  groove  is  placed  in  front  of  the  good  eye 
and  if  both  streak  and  flame  are  seen  at  the  same  time,  there  must  be  binocular 
vision,  but  it  does  not  prove  that  fusion  is  possible.  This  test  may  be  regarded 
as  the  last  appeal  for  deciding,  when  there  is  squint,  whether  the  vision  of  one 
eye  is  suppressed  or  not ;  if  it  is  suppressed  to  an  extent  such  that  a  flame  in 
a  darkened  room  cannot  be  seen,  that  eye  must  be  considered  absolutely 
blind. 

The  diaphragm  test  of  Bishop  Harman  and  Worth's  amblyoscope  also  serve 
for  determining  the  presence  of  binocular  vision,  and  a  decisive  test,  for  this 
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purpose,  is  the  stereoscope  having  stereograms  as  used  for  exercising  fusion 
described  elsewhere. 

Tests  for  Malingering. — To  mcdirujer  means  to  pretend  blindness  of  one  or 
both  eyes,  usually  to  become  exempted  from  military  service,  or  to  claim 
compensation  for  accident. 

The  tests  for  determining  the  presence  or  absence  of  simultaneous  binocular 
vision  can  be  applied  also  for  malingering,  except  that  in  malingering  one 
obviously  cannot  rely  on  the  subject's  answers.  It  must  be  remembered  that 
a  malingerer  is  not  easily  trapped  into  making  errors  and  that  he  can  be  un- 
masked only  by  confusing  him ;  this  may  be  done  effectually  by  simple  tests. 
The  term  had,  or  hlind,  in  this  article  is  applied  to  the  eye  which  in  clnii ned  to 
be  defective. 

The  bar,  friend  and  inism  tests  described  for  testing  binocular  vision 
[q.v.)  need  not  be  here  repeated,  and  others  are  briefly  described.  They  are 
of  three  kinds — namely,  objective,  as  the  prism  and  light  tests,  subjective  and 
catch. 

The  Bar  Test  as  a  malingering  test  is  of  little  value  as  the  malingerer  would 
quickly  learn  how  to  deceive  the  examiner. 

The  Prism  Test  is  very  effective  and,  in  addition  to  the  procedure  mentioned 
for  testing  binocular  vision,  the  prism  may  be  placed  before  the  presumably 
blind  eye;  if  the  good  one  makes  an  associated  movement,  the  former  has 
vision.  If,  when  the  prism  is  before  the  good  eye,  the  supposed  blind  one 
moves,  or  if  when  it  is  before  the  blind  eye  the  good  one  does  not  move, 
nothing  is  proved. 

TheFriend  Test,  if  the  glasses  are  j)ut  up  without  their  colourorthe  object 
being  seen  previously,  is  a  good  malingering  test  and  especially  so  if  the 
glasses  be  changed  about. 

Type  Test. — On  a  piece  of  white  paper  alternate  words  are  written  or 
printed  in  red  and  black.  If  when  red  glass  is  placed  in  front  of  the  good 
eye,  the  subject  can  read  the  print  without  hesitation,  he  is  undoubtedly  a 
malingerer,  since  the  red  letters  are  invisible  through  the  red  glass.  The 
glass  and  letters  must  of  course  be  selected  as  to  tint  so  that  the  red  letters 
are  indistinguishable  from  the  apparently  red  ground. 

Light  Test. — The  sound  eye  being  completely  covered,  note  whether  the 
blind  eye  responds  to  the  influence  of  light  by  contraction  of  the  pupil. 
Although  there  is  said  to  be  one  form  of  blindness  in  which  the  pupil  does 
react  to  light,  it  is  very  rare  and  such  reaction  strongly  points  to  malingering. 
This  test  is  not,  however,  a  proof  that  an  eye  is  not  highly  myopic  since,  in 
such  a  case,  the  pupil  does  respond  to  a  very  bright  light.  Further,  immo- 
bility of  the  iris  might  be  obtained  by  the  employment  of  a  drug.  The  sym- 
pathetic pupillary  action  of  the  good  eye,  screened  from  the  light,  may  also 
be  watched  as  the  bad  eye  is  alternately  exposed  and  occluded. 

Lens  Test. — Various  tests  for  malingering  can  be  made  with  sph.  and 
cyl.  lenses  and  noting  the  replies  made  to  questions.  For  instance  a  very 
strong  Cx.  or  Cc.  might  be  put  over  the  good  eye  and  a  piano  over  the  supposed 
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defective  one;  if  the  subject  can  still  see  distant  or  near  type,  it  must  be  with 
the  eye  before  which  the  piano  glass  is  placed. 

Confusion  Test. — The  subject  is  made  to  read  some  print  and  a  prism 
base  down  of  about  6'^  is  suddenly  placed  before  the  bad  eye.  This  being 
too  strong  to  be  overcome,  vertical  diplopia  results,  and  the  resulting  con- 
fusion caused  by  the  doubled  and  overlapping  images  renders  reading  almost 
impossible.  Unless  the  subject  closes  one  eye  this  is  an  excellent  malinger- 
ing test,  since  the  slightest  hesitation  when  the  prism  is  put  up  is  easily 
apparent. 

Diplopia  Test. — Occlude  the  bad  eye  and  cause  diplopia  in  the  good  one 
by  a  prism  of  6"^  placed  base  down  in  such  a  way  that  the  edge  just  bisects 
the  pupil.  Then  uncover  the  bad  eye,  at  the  same  time  moving  the  prism 
upwards,  and  ask  whether  the  object  appears  double.  If  it  is,  one  image 
must  be  seen  by  the  pretended  blind  eye. 

Place  a  6"^  prism  base  down  in  front  of  the  bad  eye  and  inquire  whether 
the  object  looked  at  is  seen  double;  the  answer  will,  of  course,  be  in  the 
negative.  If  the  prism  be  now  placed  in  front  of  the  good  eye  and  the  object 
is  said  to  be  seen  double,  binocular  vision  is  j)roved  to  exist. 

Catch  Tests  for  malingering  are  numerous  of  which  the  following  are 
examples : 

On  being  asked  to  look  at  his  hand,  when  the  good  eye  is  occluded  the 
malingerer  will  do  so  readily  if  really  blind ;  if  not  he  will  probably  look  some- 
where else.  The  good  eye  being  occluded,  the  subject  is  directed  to  cross 
a  room,  an  obstacle  being  placed  in  his  path;  his  attitude  on  approaching 
it  will  show  whether  it  is  seen  or  not.  Note  whether  the  subject  flinches  or 
blinks  when  an  object  is  suddenly  approached  to  the  bad  eye.  The 
application  of  painful,  but  harmless,  drugs  often  proves  a  speedy  cure  of 
pretended  blindness. 

Colour  Blindness. 

Colour  Blindness,  which  affects  about  4  per  cent,  of  people,  is  due  to  a 
deficiency  in,  or  absence  of,  light  perception  of  a  portion  of  the  spectrum. 
Such  deficiency  may  be  very  slight,  it  being  merely  the  inability  to  dis- 
tinguish certain  shades  of  colour,  or  it  may  be  very  marked,  there  being  a 
total  absence  of  the  faculty  of  distinguishing  between  any  colours. 

Inability  to  appreciate  one  of  the  primary  colours  results  if  one  of  the 
retinal  elements  be  absent  or  inactive.  Thus,  according  to  the  accepted 
Helmholtz  theory  of  colour  vision,  if  one  has  no  red  elements,  red  light  on 
entering  the  eye  would  stimulate  the  green  elements  slightly,  and  violet  still 
less,  causing  a  sensation  similar  to  that  of  feeble  green  light.  Probably 
feeble  red  light  would  not  be  appreciated  at  all  by  one  deficient  of  the  red 
retinal  elements.  Thus,  in  this  condition  red  would  be  indistinguishable 
from  dull  or  feeble  green.  On  viewing  the  spectrum,  either  the  red  end 
would  be  seen  shortened  or  the  green  would  extend  up  to  the  long  wave 
extremity  of  the  visible  spectrum.     This  condition  of  red  blindness  is  some- 
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times  termed  "  Daltonism  "  from  John  Dalton  who  sufiered  from  it  and  was 
the  first  to  describe  it.  Or  there  may  be  absence  of  the  green  sensation,  the 
yellow  and  blue  n:  oting  in  the  spectrum  seen. 

Again  there  may  be  dark  bands  in  the  spectrum,  the  waves  which  normally 
occupy  these  spaces  causing  no  retinal  or  mental  stimulation.  Total  colour 
blindness  is  a  rare  condition  in  which  no  colours  at  all  can  be  appreciated  or, 
rather,  all  wave-lengths  cause  the  same  colour  impression,  i.e.  there  is  merely 
variation  of  luminosity ;  the  spectrum  appears  as  a  neutral  band,  although 
it  might  vary  in  brightness  in  different  parts. 

If  the  Young-Helmholtz  theory  of  colour  vision  is  to  be  taken  literally, 
scarcity  or  weakness  of  those  elements,  by  which  one  of  the  primary  colours 
is  seen,  would  mean  feeble  colour  sensation  for  that  colour  and  the  loss  in  the 
spectrum  of  one  or  more  secondary  colours,  while  their  total  absence  or  in- 
activity would  mean  the  ordinary  form  of  colour  blindness.  Fewness  or 
weakness  of  two  colour  elements  would  mean  feeble  colour  sensation  for  the 
two  and  the  loss  of  all  the  secondary  colours  of  the  spectrum,  while  their 
total  absence  or  inactivity  would  mean  total  colour  blindness  in  the  sense 
that  the  one  colour  properly  appreciated  would  be  the  prevailing  tint  and 
would  therefore  constitute  the  standard  white  or  grey  of  the  person  suffering 
from  the  defect.  In  this  way  we  can  use  the  Young-Helmholtz  theory  to 
account  for  the  fact  that  while  a  person  of  normal  colour  vision  can  appre- 
ciate 7  or  at  least  6  or  5  spectrum  colours,  those  who  are  colour  blind  can 
appreciate  4,  3,  2  or  even  one  colour  only  in  the  spectrum. 

Causes  of  Colour  Blindness. — Colour  blindness  is,  as  a  rule,  congenital  and 
sometimes  hereditary ;  it  is  usually  binocular  although  cases  have  been 
recorded  of  a  monocular  affection.  It  can  also  be  acquired  from  jaundice  and 
certain  drugs,  such  as  santonin  and  male-fern ;  as  a  rule  this  acquired  form  is 
only  temporary.  Excessive  use  of  tobacco  may  cause  more  or  less  amblyopia 
which  is  accompanied,  over  and  around  the  macular  area,  by  colour  blindness 
for  red  and  green  which  does  not  extend  to  the  extra  macular  area;  such 
colour  blindness  is  characteristic  of  nicotine  poisoning. 

Temforary  colour  blindness  can  always  be  caused  by  excessive  stimulation 
of  the  retina  by  any  one  colour  of  excessive  brightness  as  found  when  after- 
images are  seen.  In  these  cases,  the  retinal  elements,  which  were  stimulated 
by  the  colour  gazed  at,  become  temporarily  paralyzed  by  exhaustion  so  that 
a  localized  blindness  for  the  colour,  called  a  colour  scotoma,  is  formed.  As  de- 
scribed in  the  experiment  in  Chap.  XYL,  the  negative  after-image  of  a  colour, 
complementary  to  the  original,  is  seen  because  the  white  light  received  by  the 
eye  stimulates  two  of  the  retinal  elements  only.  After  a  few  minutes"  rest  the 
scotoma  dies  away  and  the  lost  colour  returns. 

I      Such  colour  blindness  is  due  to  saturation  and  a  similar  condition  results 
from  coloured  glasses  and  the  use  of  monochromatic  or  deeply  coloured  light, 
as  described  in  the  following. 
Artificial  colour  blindness  can  be  caused  by  the  employment  of  coloured 
glasses  or  chromatic  light,  and  it  is  instructive,  if  one  wishes  to  understand 
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something  of  the  errors  made  by  the  colour  blind,  to  view  mixed  coloured 
wools  in  monochromatic  light,  or  through  a  pair  of  coloured  glasses  and 
attempt,  under  these  conditions,  to  match  the  test  skeins.  Spectrum  blue 
glasses  are  suitable  for  the  purpose  and  perhaps  still  more  so  cobalt  blue  of 
sufficient  depth  of  colour  to  cut  out  the  green.  Red  glasses,  which  transmit 
only  the  one  colour,  would  produce  a  condition  somewhat  similar  to  total 
colour  blindness,  all  the  wools  appear  black,  white  or  grey. 

Deeply  coloured  glasses  and  monochromatic  light  tend  to  cause  colour 
blindness  not  only  by  saturation  but  also  by  exclusion  so  that  all  the  spec- 
trum would  not  be  visible. 

When  the  eyes  are  saturated  by  a  certain  colour,  either  by  using  coloured 
illumination  or  glasses,  the  mental  standard  of  white  is  replaced  by  that  of  the 
predominant  colour,  and  this  becomes  more  pronounced  the  longer  the  eyes 
are  subjected  to  the  saturation.  In  consequence,  that  colour  itself  cannot  be 
recognized  and  is  considered  to  be  white  while  all  other  colours  are  judged  by 
the  new  standard  and  they  appear  to  be  altered  or  intensified  accordingly. 
If  the  colour  of  a  body  is  not  contained  in  the  light  or  is  blocked  out  by  the 
glass,  it  appears  black,  also  two  colours  which  are  really  unlike  may  appear 
similar  under  these  conditions.  When  this  artificial  condition  is  removed 
it  takes  the  eyes  some  little  time  to  recover  their  normal  colour  perce^jtion. 

Coloured  vision  is  a  form  of  acquired,  and  usually  temporary,  colour  blind- 
ness. Thus  Cyanopsia,  or  blue  vision,  is  met  with  in  some  cases  of  aphakia. 
It  is  not  easily  accounted  for,  but  it  is  explained  as  being  a  kind  of  j)er- 
sistent  after-image  of  the  long-continued  yellow  vision  resulting  from  a  dis- 
coloured (yellow)  crystalline. 

Erythropsia,  or  red  vision,  also  sometimes  met  with  in  aphakia  and  other 
conditions,  is  due  to  the  jDresence  of  blood  anterior  to  the  retina  or  it  may  be 
due  to  excessive  stimulation  of  some  portion  of  the  visual  apparatus. 

Xanthopsia,  or  yellow  vision,  is  due  to  jaundice. 

Red  blindness  is  termed  Xanthocyanopsia,  meaning  yellow-blue  vision. 

Tests  Jor  Colour  Blindness. — It  must  be  remembered  that  in  testing  colour 
blindness  one  has  to  deal  with  those  who  are  often  ignorant  of  their  defect,  or 
who  may  be  unwilling  to  acknowledge  and  therefore  try  to  hide  it. 

The  Wool  Test. — The  usual  method  of  testing  colour  blindness  is  by 
means  of  the  Holmgren  wools,  and  consists  of  matching  certain  test  skeins  with 
others  taken  from  a  confused  group  comprising  all  colours  and  shades.  The 
test  is  made  in  three  stages  and  the  test  skeins  are:  (1)  pale  piire  green; 
(2)  reddish  purple  (or  rose)  containing  approximately  equal  parts  of  red  and 
blue ;  (3)  bright  red.  The  pale  green  is,  of  all  the  spectrum  colours,  the  nearest 
approach  to  white  (or  grey) ;  the  purple  is  not  contained  in  the  spectrum  and 
the  pale  green  and  purple  are  complements  of  each  other. 

First  Stage. — The  confusion  wools  are  mixed  and  placed  in  a  heap.  The 
light  green  test  skein  is  given  to  the  subject,  who  is  told  to  select  from  the  heap 
such  skeins  as  resemble  the  test  skein. 

A  person  having  normal  vision  will  select  only  greens. 
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A  person  ha^dng  feeble  colour  vision  will  select  others  such  as  greys  and 
fawns. 

One  having  true  collpur  blindness  will  select  markedly  different  colours, 
such  as  pinks,  yellows,  or  blues,  as  well  as  greys,  etc. 

The  confusion  made  with  No.  1  test  skein  determines  colour  blindness,  but 
not  its  nature. 

Second  Stage. — -The  confusion  wools  being  again  mixed,  the  purple  skein  is 
presented  and  the  subject  is  asked  to  match  it  from  the  heap. 

A  person  with  normal  colour  vision  will  make  no  mistakes. 

If  he  has  partial  colour  blindness  he  will  select  deep  purples. 

If  he  has  red  blindness  he  will  select  blues  and  violets  since  he  appreciates 
the  blue  of  the  test  skein,  but  not  the  red. 

A  person  having  blue  blindness  will  select  reds  and  oranges  since  he 
appreciates  the  red  of  the  test  skein,  while  the  blue  does  not  excite  his  retina 
but,  it  may  be  added,  blue  blindness  is  extremely  rare. 

One  who  is  green  blind  selects  greys  and  greens,  because  the  combination 
of  red  and  blue,  forming  the  purple,  contains  all  the  colours  of  his  visible 
spectrum  and  is,  for  him,  an  impure  white  which  is  the  same  as  grey;  while 
the  green,  for  which  he  is  blind,  appears  as  an  impure  black,  i.e.  a  dark 
grey.  Consequently  purple,  green  and  grey  are  similar  colours  to  the  green 
blind. 

Third  Stage. — The  final  test  is  made  with  the  bright  red  test  skein,  and 
serves  rather  to  confirm  the  results  obtained  with  the  first  two  skeins.  The 
red-blind  person  may  select  darker  shades,  and  the  green  blind  lighter  shades, 
both  in  any  other  colours,  as  green,  blue,  etc.,  besides  reds.  This  occurs 
because,  to  a  red-bhnd  person,  a  red  object  does  not  appear  black,  nor  does 
a  green  object  appear  so  to  one  who  is  green  blind.  Such  objects  to  them 
appear  grey,  because  colours  are  never  pure,  but  give  off  other  rays  besides 
the  red  or  green  respectively;  also  because  the  retinal  elements  are,  to  a 
certain  extent,  all  stimulated  by  light  of  whatever  wave-length. 

In  the  Board  of  Trade  Colour  Tests  for  Seamen,  two  further  stages  are 
included,  viz. : — 

Fourth  Stage. — A  blue-purple  test  skein  has  to  be  matched.  One  who  is 
colour  blind  will  confuse  it  with  blues,  greens,  pinks  and  greys. 

Fifth  Stage. — A  pure  light  yellow  test  skein  has  to  be  matched.  One 
who  is  colour  bhnd  will  select,  as  matches  to  it,  green-yellows,  yellow-greens, 
pinks  and  fawns. 

The  subject  is  further  tested  in  the  nomenclatm'e  of  colours,  especially 
red,  green  and  white  which  he  has  to  name  when  presented  to  him. 

The  mistakes  made,  by  some  colour-blind  persons,  in  the  wool  test,  render 
it  difficult  to  decide  whether  there  is  blindness  for  red  or  for  green.  Indeed 
it  is  a  question  whether  there  is  not  a  form  of  colour  blindness  which  is  not 
definitely  either  the  one  or  the  other,  but  a  form  where  primary  waves  of 
difierent  lengths  stimulate  the  same  retinal  elements  or  brain  centres.  There 
is  yet  much  to  add  to  our  knowledge  of  colour  vision. 
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Other  Tests. — Some  of  those  who  are  best  qualified  to  judge  claim  that 
wool-matching  is  a  very  unsatisfactory  test,  since  colour-blind  persons  can 
easily  be  coached  up  to  match  correctly  almost  any  shade  of  wools.  For 
this  and  other  reasons,  many  other  tests  have  been  designed  which  involve  the 
use  of  coloured  glasses,  letters,  powders  or  papers ;  shadows  cast  by  means  of 
coloured  lights,  colours  contained  in  revolving  discs  and  those  of  lanterns,  flags, 
etc.  The  naming  and  matching  of  coloui'ed  glass  discs  in  front  of  a  lantern, 
the  discs  being  obscured  by  the  intervention  of  frosted  glass  or  neutral  tint 
glass,  is  now  largely  used  both  by  oculists  and  by  the  Board  of  Trade  and  is 
considered  more  accurate  than  the  wool  test.  Both  the  lantern  and  wool 
tests  are  sometimes  used.  It  is  said  that,  in  fact,  many  candidates,  who  pass 
the  wool  tests  satisfactorily,  fail  to  succeed  with  the  lantern  disc  test.  With 
this  almost  any  coloured  glass  can  be  switched  up  before  the  lantern  and  several 
shades  of  ground  and  neutral  tint  glasses  added.  The  spectroscope  and  the 
polariscope  afford  delicate  tests  from  a  scientific  point  of  view,  but  they  are 
expensive,  require  skill  to  use  and  gre^.t  intelligence  on  the  part  of  the 
subject. 

Distinguishing  Colours  by  the  Colour  Blind. — A  person  who  is  red  or  green 
blind  may  often  be  able  to  distinguish  between  these  two  colours  by  the 
difference  in  their  intensities.  Thus  a  red-blind  person  viewing  a  red  and  a 
green  light  of  equal  intensities  would  see  the  green  light  very  much  brighter 
than  the  other,  owing  to  his  failing  to  appreciate  much  of  that  proceeding 
from  the  red  light ;  only  if  the  green  light  happens  to  be  viewed  in  a  fog,  or 
in  circumstances  which  reduce  its  intensity,  might  it  appear  of  the  same 
luminosity  as  the  red. 

While  it  is  quite  impossible  to  cure  colour  blindness,  it  is  possible  to  train 
a  colour-blind  person  to  distinguish  one  colour  from  another  by  means  of  the 
use  of  coloured  glasses.  This  is  not  because  he  sees  the  colours  correctly ;  but 
because  he  learns  to  connect  the  degree  of  luminosity  or  saturation  with  a 
certain  tint  or  colour. 

The  Pinhole  Disc. — In  general  subnormal  vision  must  be  due  either  to 
absence  of  a  sharp  retinal  focus,  or  to  amblyopia,  opacity  or  disease  and  the 
pinhole  is  employed  to  distinguish,  as  far  as  possible,  between  these  con- 
ditions. If  the  defective  sight  be  due  to  ametropia  the  disc  will  improve  V. 
by  confining  the  light  entering  the  eye  to  narrow  pencils.  At  the  same  time 
the  intensity  of  illumination  is  so  much  reduced  that  the  sight  is  rarely  so 
good  as  with  the  correcting  lenses,  provided  it  be  a  regular  error  of  refraction. 
If,  however,  the  defective  sight  be  due  to  amblyopia,  to  disease  or  to  opacity 
of  the  media,  no  improvement,  or  even  a  reduction  of  V.  will  result,  thus 
indicating  that  the  case  is  not  solely  optical. 

The  disc  may  improve  the  sight  and  yet  there  may  be  disease,  part  of  the 
reduction  of  vision  being  due  to  the  latter  and  part  to  Am.,  but  in  such 
cases  no  lenses  would  make  vision  normal. 

The  disc  may  also  improve  the  sight,  yet  it  does  not  follow  that  lenses 
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will  subsequently  improve  it  as  in  cases  like  irregular  As.  and  conical 
cornea. 

The  disc  may  fail  to  improve  the  sight,  or  even  reduce  it,  and  yet  there 
may  be  an  optical  defect,  particularly  in  cases  of  partial  amblyopia,  and 
lenses  would  give  better  vision  than  the  pinhole. 

The  disc  may  not  improve  yet  medical  or  surgical  treatment  will  not  be  of 
any  use,  as  for  instance  where  there  is  a  nebula  of  the  cornea  which  is  incurable, 
or  in  certain  cases  of  amblyopia. 

When  V.  is  fairly  good,  say  6/9  or  6/12,  it  is  almost  useless  to  employ  the 
pinhole  as  no  improvement,  with  it,  is  to  be  expected,  although  the  deficiency 
in  sight  is  caused  by  an  error  of  refraction ;  this  results  because  the  reduction 
of  light  admitted  to  the  eye  counteracts  the  sharpening  of  the  image.  Never- 
theless some  people  with  normal  V.  obtain  a  sharper  degree  of  vision  with  the 
disc  but,  in  such  cases,  its  use  would  not  be  called  for. 

When  the  pupil  is  very  small,  thp  effect  of  the  pinhole  is  not  very  marked ; 
if  the  pupil  is  of  pinhole  size  it  is  useless. 

Used  with  a  knowledge  of  its  limitations  the  disc  is  a  valuable  little  instru- 
ment. It  does  not  definitely  determine  or  exclude  disease  nor  does  it  distin- 
guish between  disease,  opacity  and  amblyopia  ;  the  tale  it  tells  is  that  if  it 
improves  vision  the  eye  is  in  all  reasonable  probability  perfectly  healthy,  and 
that  optical  rectification  ought  to  be  found,  while  if  it  fails  to  improve  the 
sight  the  eye  is  very  probably  not  healthy,  and  anyhow  has  something  more 
than  a  purely  optical  defect. 

When  using  the  disc  the  one  eye  is  occluded  and  the  pinhole  placed  in  the 
trial  frame  in  front  of  the  other,  care  being  taken  that  the  aperture  is  directly 
in  the  line  of  vision.  Some  people  find  it  difficult  to  see  through  the  pinhole 
when  in  the  trial  frame ;  so  that  it  is  sometimes  better,  the  one  eye  being 
occluded,  to  allow  the  subject  himself  to  put  the  disc  in  front  of  the  other 
eye,  using  the  right  hand  for  the  right  eye  and  the  left  hand  for  the  left 
eye. 

If  V.  is  much  reduced,  say  below  6/60,  the  large  pinhole  of  1  mm.  diameter 
should  be  used,  while  one  of  -75  mm.  is  preferable  if  V.  is  6/60  or  better. 

The  theory  of  the  pinhole  is  that,  apart  from  the  distance  between  the  focus 
and  the  retina,  the  discs  of  confusion  of  the  latter  depend  directly  on  the 
efi'ective  aperture  of  the  refracting  media,  that  is  on  the  size  of  the  pupil. 
The  pinhole  reduces  this  latter  to  a  minimum  size  with  a  consequent  reduction 
in  the  size  of  the  retinal  confusion  discs  and  improvement  in  sight. 

Pinhole  Experiments. — Owing  to  the  non-coincidence  of  the  retina  and  the 
principal  focus,  an  object  at  oo  viewed  through  a  pinhole  appears  to  move 
"  against  "  in  H.  and  "  with  "  in  M.  when  the  disc  is  moved  laterally.  In 
Em.,  movement  of  the  object  is  imperceptible  or  is  very  slightly  "  with  " 
owing  to  spherical  aberration,  but  some  emmetropes  see  "  with"  movement 
at  00  and  against  at  the  P.  P.,  it  being  neither  with  nor  against  at  some  inter- 
mediate distance,  say,  1  m.  The  apparent  movements  are,  however,  so 
variable  and  uncertain  that  little  reliance  can  be  placed  on  them. 
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Focal  Illumination  is  used  for  examining  the  lids,  conjunctiva,  cornea, 
aqueous,  iris,  pupil  and  crystalline  lens.  An  artificial  luminant  is  placed 
conveniently  in  front  and  rather  to  the  side  of  the  eye  and  the  light,  concen- 
trated by  a  convex  lens  of  about  13  D.,  is  cast  obliquely  on  to  the  part  of  the 
eye  to  be  examined;  the  lens  is  moved  slightly  backwards  and  forwards  in 
order  to  get  the  best  possible  illumination.  A  magnifying  lens  of  about  10  D. 
used  in  conjunction  with  the  condenser  renders  the  examination  easier. 
Opacities  (nebulse)  of  the  cornea  or  crystalline  and  imperfections  of  the  iris 
can  be  seen  by  this  method.  For  the  crystalline  the  light  should  be  pro- 
jected rather  more  perpendicularly;  for  this  purj)Ose,  and  indeed  for  other 
parts,  one  can  use  the  lamp,  at  the  other  end  of  the  room,  employed  for 
muscle  testing.  The  cornea  can  also  be  examined  with  the  ophthalmoscope 
having  a  16  or  20  D.  Cx.  lens  behind  the  sight-hole,  and  the  iris  and  crystalline 
with  a  somewhat  weaker  one,  the  part  of  the  eye  under  examination  being  at 
the  focal  distance  of  the  lens  used. 

Points  on  Other  than  Purely  Optical  Cases. 

While  it  is  no  part  of  the  optician's  work  to  diagnose  specific  pathological 
conditions  of  an  eye,  he  needs  to  recognize  a  healthy  condition,  or  to  appreciate 
a  non-optical  condition. 

The  eyes  may  be  regarded  as  free  from  active  disease  if  {a)  the  visual 
acuity  (corrected  V.)  of  each  eye  is  normal  and  that  of  the  two  equal ;  (6)  No.  1 
type  can  be  read  at  the  natural  distance,  if  necessary,  of  course,  with  corrective 
lenses  ;  (c)  the  field  of  vision  of  each  eye  is  normal.  For  the  latter  purpose 
the  field  need  only  be  tested  in  the  horizontal  and  vertical  planes.  Most 
diseases  are  accompanied  by  reduced  visual  acuity  after  the  optical  correc- 
tion has  been  arrived  at.  Therefore  subnormal  V.  A.,  if  not  due  to  incorrect 
refractive  measurement,  must  indicate:  (a)  Disease  which  requires  treat- 
ment, or  (6)  amblyopia,  abnormalities  or  lesions  left  by  disease  which  may 
or  may  not  require  medical  or  surgical  attention. 

Conditions  Demanding  Medical  Examination.— 

(a)  Where  the  pinhole,  properly  applied,  does  not  improve  V. 

(6)  Where  corrected  V.  is  subnormal  (as  already  defined). 

(c)  Which  i^resent  symptoms  of  disease,  injury,  or  structural  abnormalities, 
other  than  ordinary  errors  of  refraction. 

{d)  Which  present  symptoms  of  pain  disproportional  to  any  refractive 
error  discovered. 

(e)  Where,  in  children,  there  is  M.,  high  As.,  spasmodic  Ac,  or  H.  of  which 
a  considerable  part  appears  to  be  latent. 

(/)  Of  high  or  progressive  M.  in  adults. 

ig)  Of  apparently  rapidly  increasing  Pr.  or  of  myopia  coming  on  in  adult 
life. 

(h)  Of  squint,  double  vision  or  high  muscular  insufficiency. 

(i)  Where  the  field  of  vision  is  contracted,  or 

(.;)  Those  which  are  not  fully  understood  by  the  optician. 
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The  competent  optician  appreciates  that  there  are  many  cases  of  retrac- 
tion where,  not  only  has  the  action  of  the  light  to  be  modified,  but  treat- 
ment— local  or  general — may  be  required.  Further,  he  knows  that  some 
cases  are  better  measured  or  corrected  with  the  aid  of  cycloplegics.  The 
greater  his  skill  the  smaller  is  the  number  of  cases  in  which  normal  vision 
is  not  obtained  by  correction,  while  on  the  other  hand,  the  greater  is  the 
number  which  he  considers  would  be  better  examined  and  pronounced  upon 
by  the  oculist.  If  a  case  is  referred  to  a  medical  man  and  no  medical  or 
surgical  treatment  is  needed,  at  least  no  harm  results.  If  a  case  requiring 
medical  and  surgical  treatment  is  not  so  referred,  there  is  danger  to  the  client. 
Everyone  is  liable  to  mistakes  and  errors  of  judgment,  but  no  conscientious 
optician  will  knowingly  take  on  himself  the  responsibility  of  deciding  in 
doubtful  cases  because  the  first  symptoms  of  many  general  diseases  may  be 
juanifested  in  the  eyes. 

In  the  following  a  few  abnormal  conditions  are  briefly  described  but  no 
serious  attempt  is  made  to  indicate  the  disease  to  which  a  symptom  points, 
this  being  of  little  importance  to  the  optician.  Some  symptoms  are  common 
to  widely  different  troubles. 

The  Eye. — Protrusion  or  lateral  displacement  is  a  serious  symptom  pointing 
to  tumour,  exophthalmic  goitre,  etc.  An  early  symptom  of  goitre  is  that 
the  upper  lid  does  not  descend  equally  with  the  eye  when  the  latter  is  lowered. 

The  Lids. — Ptosis  is  a  drooping  of  the  lid  due  to  paralysis  of  the  levator 
palpebral ;  the  eye  is  not  completely  closed  owing  to  the  action  of  Muller's 
muscle.  It  might  be  caused,  also,  by  a  growth,  general  exhaustion,  hysteria, 
inflammation  of  the  lachrymal  gland,  trachoma,  etc.  (Many  people,  however, 
normally  cannot  close  one  eye  without  also  closing  the  other.) 

Lagothalmos  is  an  inability  to  close  the  eye  owing  to  paralysis  of  the  orbi- 
^'cuIarisTor  to  protrusion  of  the  eyeball. 

Blejyharospasm  is  a  spasm  of  the  orbicularis  rendering  the  opening  of  the 
eye  impossible. 

Entropion  is  a  turning  in  and  ectropion  a  turning  outwards  of  the  lid  margin. 

Trichiasis  is  a  misdirection  inwards  of  the  lashes  and  districhiasis  is  the 
growth  of  a  second  row  of  lashes  towards  the  conjunctiva  bulbi. 

Nictitation  (constant  winking  or  blinking  and  twitching  of  the  lids)  indicates 
nervous  conditions  which  may,  or  may  not,  be  due  to  eye-strain. 

The  Cornea.— Bloodvessels  visible  on  the  cornea  show  a  pathological 
condition.  If  specially  on  the  upper  part,  they  may  indicate  trachoma 
(granular  lids)  which  is  of  a  very  infectious  nature;  if  they  diverge  from  a 
common  point  there  may  be  an  ulcer  or  a  foreign  body,  haziness  of  the 
cornea  or  a  pink  or  red  zone  surrounding  or  adjoining  it. 

Nebula  (opacity  of  the  cornea)  is  usually  the  result  of  an  ulcer,  wound, 
granulated  Kds,  or  general  inflammation  of  the  cornea.  Even  if  very  faint 
and  difl'use,  it  causes  great  loss  of  acuity  especially  if  on  the  visual  axis. 
It  is  disclosed  by  oblique  focal  illumination,  employed  in  conjunction  with  a 
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magnifier,  and  should  be  looked  for  when  vision  is  impaired.     It  is  for  the 
medical  man  to  decide  whether  treatment  is  of  use  or  not. 

A  very  minute  corneal  opacity  is  termed  a  macula;  a  large  one  a  nebula; 
a  very  dense  white  opacity  a  leucoma.  The  last  is  due  to  deep  destruction  of 
the  cornea  and  replacement  by  scar  tissue.  It  is  a  curious  fact  that  a  very 
obvious  nebula  may,  if  not  extensive,  cause  less  reduction  in  acuity  than  an 
almost  invisible  one.  The  reason  is  that  the  former  acts  more  or  less  as  a 
definite  stop,  leaving  efiective  areas  of  clear  tissue,  while  the  latter,  although 
faint,  may  obstruct  the  whole  of  the  pupil. 

The  Arcus  Senilis  is  a  whitish  ring  around  the  periphery  of  the  corneae  of 
old  eyes  and  has  no  pathological  significance;  it  appears  as  if  located  in  the 
periphery  of  the  irides,  but  is  not  so  actually. 

Conjunctival  symptoms  are  mainly  those  of  lachrymation,  pain,  redness, 
discharge,  thickening  or  discoloration.  A  condition  which  is  sometimes 
thought  to  be  only  a  cold  in  the  eye  may  be  the  first  symptoms  of  say  iritis  or 
episcleritis.  An  inflammatory  condition  of  the  conjunctiva,  especially  if  near 
to  the  cornea,  or  if  patchy,  should  be  seen  by  a  surgeon. 

Irides  indistinct  or  of  dull,  discoloured  or  thickened  appearance ;  the  iris  of 
one  eye  differing  from  the  other. 

Pupils  widely  dilated  (mydriasis),  small  and  inactive  (myosis) ;  inequality 
in  size,  irregularity  of  shape,  inability  to  contract  with  Ac.  and  Con.  or  to  react 
to  Light  and  darkness,  or  sluggish  response  (except  in  old  people). 

The  Argyll- Robertson  pupil  contracts  with  Ac.  but  does  not  to  light. 

Hippus  is  a  spasmodic  contraction  and  dilatation  of  the  pupils. 

Polycoria  is  that  condition  in  which  there  is  more  than  one  pupil,  the 
commonest  cause  being  detachment  of  the  iris  from  the  sclero-corneal 
margin. 

Coloboma  of  the  iris  is  a  congenital  absence  of  a  part  of  it,  but  the  sphincter 
pupilla;  continues  along  the  edge  of  the  cleft  and  usually  the  pupil  reacts 
to  light.  A  condition  similar  as  to  appearance  results  from  an  iridectomy, 
but  here  the  sphincter  is  absent  from  the  edge  of  the  cleft  and  the  pupil  does 
not  respond. 

Aniridia  or  Irideremia  is  a  congenital  absence  of  the  iris  and  is  usually 
binocular ;  the  resultant  photophobia  and  spherical  aberration  render  vision 
very  defective. 

Abnormal  Vision  such  as  smoky,  hazy,  quivering,  flickering  or  occasional 
loss  of  sight.  Spots  or  clouds  before  the  eyes.  Coloured  vision.  Abnormal 
vision  as  micropsia  (objects  look  small)  or  megalopsia  (objects  look  large) 
or  metamorphopsia  (objects  look  distorted)  are  serious  symptoms.  The  altera- 
tion in  the  size  and  form  of  objects  points  to  destructive  changes  in  the  rods 
and  cones  of  the  retina.  Abnormal  visual  sensations  like  flashes  of  light, 
scintillation,  jets  or  balls  of  fire,  or  persistent  after-images. 
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Coloured  rings  seen  around  lights  are  symptoms  of  eye  diseases  as  glaucoma, 
keratitis,  conjunctivitis  and  iritis.  They  are  similar  to  rainbow  rings  seen 
around  artificial  lights  when  there  is  mist  or  haze  in  the  atmosphere,  Usually 
violet  is  innermost  and  red  outermost.  In  glaucoma  they  are  due  to  tension 
on  the  cornea  preventing  circulation  of  the  lymph  so  that  drops  of  fluid 
collect  in  the  layers.  In  other  conditions  they  are  caused  by  deposits  of  pus 
and  mucus  producing  haziness. 

Muscse — the  seeing  of  specks,  webs,  or  strings  of  pearls — if  abundant 
may  be  serious  and  should  cause  the  case  to  be  sent  to  the  oculist;  they 
generally  indicate  vitreous  trouble.  If  only  seen  occasionally  and  when 
looking  at  a  bright  field  they  may  be  ignored  as  harmless. 

Hemeralopia  and  Nyctalopia. — In  the  former  case  the  subject  sees  com- 
paratively better  in  the  day,  in  the  latter  towards  evening,  but  the  two 
terms  are  frequently  confused.  The  causes  are  various,  e.g.  cataract,  tobacco 
amblyopia,  exposure  to  excessive  sunlight  in  the  tropics,  nervous  and  con- 
stitutional disorders;  they  are  essentially  cases  for  medical  investigation. 
Uncorrected  M.,  however,  also  causes  worse  vision  in  the  dusk  owing  to 
increased  diffusion  circles  brought  about  by  the  dilated  pupils.  Also  it  is 
possible  that  the  different  refraction  introduced  by  wide  dilatation  of  the 
pupils  in  a  dim  light,  might  explain  the  inability  to  see  reasonably  well. 

Field  of  Vision. — If  the  visual  field  is  reduced  the  cause  may  be  hysteria 
but  is  generally  due  to  some  organic  disease.  The  reduction  may  be  general, 
regular  or  irregular,  on  one  side  only,  or  over  the  whole  peripheral  field  or 
half  of  one,  or  both  may  be  lost  {hemianopia  or  hemianopsia).  The  field  for 
colours  sometimes  diminishes  sooner  than  that  for  form  and.  gives  early 
indications  of  some  diseases. 

Headaches  and  Eye-pains. — While  some  headaches,  i.e.  those  over  the 
brows,  between  the  brows,  and  at  the  temples,  very  frequently  indicate 
refractive  errors  or  muscular  defects  which  can  be  corrected  by  lenses,  it  must 
not  be  forgotten  that  headaches  are  symptoms  of  many  other  troubles. 
Especially  should  it  be  remembered,  by  the  optician,  that  refractive  errors 
cannot  be  considered  to  be  the  direct  cause  of  pain  at  the  top,  or  at  the  back 
of,  the  head.  Pain  within,  or  behind  the  eye,  may  be  merely  the  result  of 
uncorrected  refractive  error  or  muscular  trouble ;  severe  pain,  however,  within, 
at  the  top,  around  or  at  the  back  of  the  eye,  or  shooting  down  the  nose,  point 
to  more  serious  conditions.  Sharp  stabbing  and  throbbing  pains  or  pain 
within  the  eye,  are  suspicious  symptoms  even  if  unaccompanied  by  others. 
Tenderness  of  the  eye  to  touch  is  a  bad  symptom.  Pain,  in  one  or  both  eyes, 
is  sometimes  the  reflex  symptoms  of  post-nasal  troubles,  bad  teeth,  etc. 

Photophobia  and  Lachrymation  are  symptomatic  of  disease  quite  apart 
from  refractive  errors.  The  latter  may  be  caused  by  excessive  secretion 
or  defective  lachrymal  apparatus.  There  may  also  be  dread  of  exposure  to 
air,  wind  or  light. 
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Cataract — literally,  a  curtain — is  the  condition  which  results  from  opacity 
of  the  crystalline  or  its  capsule.  It  may  be  due  to  injury,  to  general  or  local 
disease,  or  to  a  change  in  the  nutritive  fluid  leading  to  opacity  of  the  lens 
substance. 

Excessive  heat  is  said  to  cause  it  as  among  glass  blowers,  and  it  is  a  common 
disease  in  tropical  countries.  By  some  it  has  been  thought  to  be  produced  by 
actinic  light  but  this  view  is  not  shared  by  other  authorities  on  the  subject. 
It  may  occur  at  any  age,  even  at  birth,  but  generally  appears  in  old  people 
and  is  a  symptom  of  senile  degeneration.  When  it  occurs  in  a  young  eye  it  is 
a  soft,  and  when  in  an  old  eye  it  is  a  hard  cataract.  A  cataractous  eye  should 
always  be  examined  by  the  medical  man,  for  not  only  is  its  treatment  surgical, 
but  it  may  well  be  a  symptom  of  other  disease  and,  further,  inspection  of  the 
fundus  before  the  cataract  is  ripe  is  of  extreme  importance  with  respect  to  the 
prognosis  of  vision  after  operation.  Smoked  glasses,  by  inducing  dilatation 
of  the  pupil,  may  be  useful  in  some  cases  of  cataract  confined  to  the  centre  of 
the  lens.  This  forms  the  variety  which  some  profess  to  cm^e,  without  opera- 
tion, by  instilling  atropine,  which  dilates  the  pupil,  so  that  the  person  sees 
better  and  imagines  he  is  being  cured. 

The  remedy  for  cataract  is  extraction  of  the  crystalline  by  operation,  when 
it  is  of  the  hard  variety,  or  needling  and  absorption  of  the  lens  substance  when 
it  is  soft.     The  condition  of  the  eye  is  then  that  of  aphakia  {q.v.). 

A  person  may  have  senile  cataract  without,  of  necessity,  being  very  old; 
thus  it  may  appear  as  early  as  40  years  of  age.  In  general  the  progress  of 
the  disease  is  very  uncertain,  and  may  be  rapid,  or  slow,  or  alternately  the 
one  and  the  other;  in  some  cases  it  remains  stationar}'  for  years. 

The  general  indications  of  cataract  are : — 

Reduction  in  visual  acuity.     Irregular  lenticular  As. 

The  ophthalmoscope,  especially  if  used  at  about  20"  without  the  con- 
denser, shows  dark  peripheral  striae,  or  a  dark  centre  on  the  red  reflex;  but 
the  media,  in  incijDient  cataract,  are  sufiiciently  transparent  to  allow  of  the 
fundus  being  clearly  seen. 

Focal  illumination  shows  a  dense  white,  grey  or  brown  appearance  of 
the  pupil,  opaque  patches,  opaque  spicula  or  central  opacity.  True  opacity 
must  not,  however,  be  confused  with  the  normal  milky  appearance  of  an  old 
crystalline  (vide  The  Pupils  and  Defects  of  the  Normal  Eye). 

Reduction  of  H.  or  Pr.  or  acquisition  of  M.  in  elderly  people  (vide  Second 
Sight).     Sometimes  there  is  rapid  increase  of  Pr. 

It  is  more  than  probable  that  the  advent  of  senile  cataract  is  greatly 
retarded  by  preventing  eye-strain,  i.e.  by  correction  of  any  optical  error.  It  is 
a  curious  fact  that  a  person  having  senile  cataract,  not  complete,  can  often 
see  to  read  equally  well  without  glasses  as  with  quite  strong  convexes.  If  the 
cataract  is  nuclear,  vision  is  better  relatively  in  a  dim  than  in  a  bright  light 
owing  to  dilatation  of  the  pupil. 

Second  Sight  is  a  name  applied  to  that  condition  where  a  person  who, 
being  Em.  or  H.  as  well  as  Pr.,  has  been  using  a  Cx.  correction  for  reading 
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finds  that  he  needs  weaker  lenses,  and  finally  none  at  all,  tor  that  purpose; 
a  species  of  acquired  M.  is  set  up.  The  ability  to  discard  Cx.  reading  glasses 
is  due  to  increased  power  of  the  Crys.  which  results  from  the  progress  of  senile 
cataract.  Since  the  progress  of  cataract  may  be  rapid,  the  ability  to  read 
without  glasses  may  be  of  short  duration.  Again,  the  progress  may  be  very 
slow  and  fair  sight  may  be  retained  for  some  years. 

Sudden  undue  increase  of  H.  may  indicate  incipient  cataract  or  increased 

density  of  the  vitreous  due  to  disease. 

Dislocation  of  the  Lens  is  characterized  by  loss  of  Ac.  and  a  totally  or 
partially  tremulous  iris;  a  crescent — the  edge  of  the  Crys. — may  be  seen 
cutting  the  pupil. 

Tobacco  and  Alcohol  Amblyopia. — Here  {amblyopia  ex  abusu)  the  visual 
acuity  and  perhaps  the  field  is  reduced,  but  indirect  is  relatively  better  than 
direct  vision.  Colours  are  badly  seen,  a  sovereign  and  a  shilling  being  con- 
fused, and  a  characteristic  symptom  is  when  a  small  red  or  gi-een  disc  is  seen 
better  by  peripheral  than  by  central  vision.  Abstinence  from  tobacco  is 
essential.  The  central  colour  blindness  may  last  several  months  and  is  occa- 
sionally permanent,  but  colour  vision  usually  returns  along  with  vision  for 
form.  Oculists  are  not  all  agreed  as  to  whether  tobacco  alone,  \vithout  indul- 
gence in  alcohol,  can  cause  it.  Alcohol  alone  may  bring  on  a  form  of  ambly- 
opia characterized  by  a  reduced  field  of  vision.  In  cases  like  these,  it  is 
essential  to  remember  that  mere  abstinence  from  tobacco  or  alcohol  does  not 
suffice  for  a  cure;  medical  treatment  is  needed  in  addition.  Further  there 
may  be  complications  and,  finally,  the  symptoms  may  be  indicative  of  other 
diseases. 

Amblyopia  and  disturbance  of  vision  may  also  result  from  the  excessive 

use  of  tea,  coffee,  etc.,  and  disease,  amblyopia,  visual  and  colour  defects  can 
occur  from  drugs  and  poisons  such  as  quinine,  iodoform,  mercury,  lead,  arsenic, 
and  phosphorus  taken  internally,  absorbed  or  inhaled.  Workers  in  perfume, 
explosive,  rubber  and  other  factories  are  liable  to  be  affected. 

Paresis  and  Paralysis  of  Ac. — The  former  is  a  partial,  and  the  latter  (cyclo- 
plegia)  is  a  complete  loss  of  accommodative  power.  The  cause  may  be  drugs, 
traumatism,  disease  or  poison.  Apart  from  the  medical  treatment  required, 
there  is  needed  the  very  weakest  Cx.  lenses  which  allow  of  reading  being  done. 
These  lenses  must  be  gradually  reduced  in  power  as  the  accommodative  action 
becomes  restored  and  should  be  supplied  only  by  direction  of  the  medical 
man. 

Iridoplegia  is  paralysis  of  the  sphincter  iridis. 

Albinism  is  the  absence  of  normal  pigmentation.  The  hair,  brows,  lashes, 
etc.,  are  white,  or  nearly  so,  and  the  irides  are  translucent,  causing  the  eyes  to 
appear  pink.  There  is  sometimes  nystagmus,  and  photophobia  is  invariably 
present.     Sight  is  defective  owing  to  the  intensity  of  ilhmiination  transmitted 
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through  the  irides  and  internal  reflections  due  to  the  choroidal  pigment  being 
largely  absent.     Smoke  glasses  are  needed. 

Nystagmus  is  a  condition  where  there  is  continuous  involuntary  move- 
ments of  the  eye ;  the  oscillations  may  be  rotary  or  vertical,  but  are  generally 
horizontal.  They  seem  to  be  caused  by  an  unconscious  effort  to  obtain  a 
clearer  image  by  so  moving  the  eyes  that  constantly  different  cones  may  be 
stimulated.  The  action  is  generally  binocular  and  is  met  with  in  albinism, 
corneal  nebulae,  in  some  diseases  such  as  retinitis  pigmentosa,  in  nervous 
complaints  and  in  conditions  where,  owing  to  defects  at  the  macula,  fixation 
is  impossible.  Another  cause — as  in  miner's  nystagmus — is  spasm  of  the 
vertical  or  oblique  muscles  due  to  continued  use  of  the  eyes  in  an  unnatural 
position,  as  when  turned  upwards  directly  or  obliquely,  also  the  insufficiency 
of  light  from  the  lamps  employed  may  play  a  part,  but  probably  there  are 
predisposing  causes  in  addition.  In  some  cases  the  sufferers  do  not  appreciate 
the  movement,  the  field  of  vision  remaining  steady,  but  in  others  the 
nystagmus  is  a  source  of  great  annoyance. 

Conical  Cornea. — In  this  condition,  the  cornea  assumes  the  shape  of  a 
blunted  cone,  or,  rather,  an  exaggerated  hyperbola,  and  resembles  a  central 
high  M.  combined  with  irregular  As.,  the  latter  being  very  frequently  aug- 
mented by  asymmetry  of  the  cone  itself. 

It  is  an  acquired  condition  due,  it  is  supposed,  to  softening  or  defective 
nutrition  of  the  central  layers  of  the  cornea;  it  is  usually  found  in  females 
of  weakly  constitution,  commencing  at  about  15  to  20  years  of  age,  and  is 
comparatively  rare  in  males.  It  is  generally  binocular  and  about  equal  in 
the  two  eyes,  but  there  are  exceptions  to  this.  Its  progress  is  erratic ;  some- 
times it  increases  regidarly  for  a  few  years  and  then  becomes  stationary; 
while  at  others  there  are  considerable  periods  of  quiescence  between  periods 
of  progression.  Although  the  sight  is  very  blurred  and  confused,  the  subject 
can  move  about  with  facility,  and  see  objects  in  a  manner  markedly  better 
than  can  a  pe;:son  sufiering  from  a  disease  of  the  fundus.  In  very  advanced 
cases  the  central  portion  of  the  cone  may  become  opaque  but  the  cornea  has 
rarely  been  known  to  be  ruptured  however  great  the  thinning  and  projection. 

Conical  cornea  is  almost  invariably  accompanied  by  a  form  of  regular 
astigmatism  due,  not  to  the  hyperbolic  curvature,  but  to  the  obliquity  of 
the  axis  of  the  hyperbola  to  the  visual  axis.  In  the  early  stages  it  is  difficult 
to  diagnose  and  may  be  mistaken  for  M.  especially  as  improved  V.  results 
from  the  use  of  Cc.  sphs.  alone  or  combined  with  cyls.  When  the  condition 
is  advanced,  lenses  only  partially  improve  vision.  Any  optical  treatment 
would  be  therefore  the  same  as  suggested  for  irregular  corneal  As.,  and  in  this 
condition  considerable  visual  benefit  is  very  often  derived  from  stenopseics, 
or  half  opaque  discs,  combined  with  the  most  suitable  lenses.  By  means  of 
stenopseics  good  and  useful  vision  may  often  be  obtained  for  close  work,  even 
when  the  defect  is  advanced  and  vision  much  reduced  for  distance.  One  of  the 
peculiarities  of  conical  cornea  is  that  equally  good  vision  seems  to  accrue  from 
the  use  of  many  different  powers  of  lenses,  but  cylindricals  are  usually  an  aid. 
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The  use  of  concave  hyperbolic  lenses  of  varying  depths  and  curves  has  been 
tried  but,  in  practice,  the  slightest  departure  of  the  axis  of  the  cornea  from  that 
of  the  hyperbolic  lens  causes  the  latter  to  be  worse  than  useless.  Medical 
attention  is  needed,  not  only  in  the  later  but  also  in  the  incipient  stages  of  this 
defect;  operative  treatment  may  become  necessary. 

It  is  said  that  reading  and  close  work  should  not  be  allowed  as  the  strain  of 
accommodation  tends  to  aggravate  the  trouble.  Except  on  the  general  principle 
that  a  defective  organ  should  be  rested,  there  does  not  seem  to  be  any  reason 
for  this,  but  it  is  certain  that  stooping  must  he  entirely  avoided  since  it  would 
tend  to  increase  the  defect,  while  strict  attention  to  hygiene,  improved 
ventilation,  and  outdoor  occupations  assist  in  arresting  its  progress. 

Conical  cornea  can  be  determined  by  the  following : — 

(1)  Inspection  of  the  corneal  profile  reveals  its  abnormal  shape  if  the  latter 
be  sufficiently  pronounced. 

(2)  Light  reflected  from  the  cornea  is  stellated. 

(3)  The  image  of  a  small  square  of  white  paper  reflected  from  the  cornea 
is  seen  distorted. 

(4)  With  the  placido  disc  the  rings  are  seen  markedly  distorted  and  bunched 
up  towards  the  centre ;  the  images  vary  to  a  marked  degree  on  changing  the 
direction  of  view  and  in  this  respect  conical  cornea  difie-rs  from  irregular  As. 

(5)  With  the  ophthalmometer  the  images  are  distorted. 

(6)  AVith  the  retinoscope,  on  ordinary  rotation,  the  efiect  is  indefinite,  but 
if  the  mirror  be  given  a  rotary  motion,  there  is  seen  a  characteristic  swirling 
appearance  of  the  shadow. 

(7)  With  the  ophthalmoscope  the  appearances  are  also  indefinite,  and 
vary  with  the  direction  of  view.  There  may  be  a  red  central  portion  with  a 
dark  ring  around  it,  or  the  centre  may  be  dark  with  a  surrounding  light  ring. 
Some  of  the  light  reflected  from  the  mirror  enters  the  eye  and  some  does 
not. 

Other  Conditions. — The  attention  of  the  optician  is  drawn  specially  to  the 
following  three  dangerous  ocular  diseases,  because  frequently  those  sufiering 
from  them,  in  the  incipient  stages,  present  themselves  to  an  optician  for 
glasses.  Surgical  aid  is  urgently  required  so  that,  should  they  be  suspected, 
an  oculist  must  be  at  once  consulted,  time  being  the  essential  factor  in  the 
saving  of  the  sight. 

Symptoms  marked  *  are  of  paramount  importance. 

1.  Glaucoma. — A  pathological  condition  resulting  from  abnormal  intn  - 
ocular  tension. 

Pain  in  globe,  or  around  orbit  and  head  and  down  the  side  of  the  nose. 
*Dilated,  irregular  or  vertically  oval  pupil. 
Sudden  or  excessive  presbyopia. 
Redness  of,  or  pink  zone  adjoining,  the  cornea. 
*Coloured  rings  seen  by  subject  around  artificial  lights. 
*Reduced  visual  field — this  would  probably  be  the  first  symptom  of  all. 
*Increased  hardness  (tension)  of  globe. 
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*Coruea  nearly  or  quite  insensitive  to  touch. 

Cornea  dim ;  aqueous  not  clear. 
*Misty  sight. 

Ophthalmoscope  shows  cupping  of  the  optic  disc. 

2.  Iritis  and  CycUtis.—T]xe  former  is  inflammation  of  the  iris,  the  latter  of 
the  ciliary  body. 

A  pink  zone,  in  tiie  sclerotic,  surrounding  the  cornea. 
*No  response  or  sluggish  response  of  iris  to  light. 
*Unequal  contraction  of  the  two  pupils  (with  equal  luminosity). 

Irregular  contraction  of  a  pupil. 

Unequal  colour  of  the  two  eyes  (the  one  being  dull  or  muddy). 
*Fibres  of  iris  indistinct  and  sodden. 
*Muddiness  of  the  aqueous. 

Occasionally  sharp  stabbing  or  throbbing  pain  in,  at  top,  or  at  back  of  eye. 

Photophobia,  lachrymation,  conjunctivitis. 

3.  Sympathetic  Ophthalinia. — Disease  of  the  good  (or  sympathizing)  eye 
where  the  other  (or  exciting)  eye  has  been  injured  or  is  completely  or  partially 
blind. 

*Pain  in  the  exciting  eye,  especially  on  touching  it  when  closed . 
*Sight  becomes  indistinct  for  a  short  interval  now  and  then,  that  is  inter- 
mittent or  flickering  sight  of  the  sympathizing  eye. 

*Difficulty  with  accommodation,  i.e.  variable  or  receded  P.  P.  or  undue 
Pres. 

There  may  be  also  any  of  the  symptoms  given  for  iritis  and  cyclitis  of  which 
sympathetic  ophthalmia  is  a  form. 

In  all  cases  where  one  eye  is  blind  and  the  good  one  is  giving  trouble,  or 
if  an  eye  is  tender  on  pressure,  refer  the  case  to  a  medical  man  at  once. 

The  Optician's  Duty  with  cases  of  disease  or  suspected  disease  is  simply 
to  inform  his  customer  that,  in  his  (the  optician's)  opinion,  it  would  be 
advisable  that  a  medical  man  be  consulted  to  make  sure  that  there  is  nothing 
more  than  an  optical  trouble.  Should  the  customer  demur,  the  optician  can 
only  state  that  he  considers  this  to  be  the  proper  course  and  that,  either  he 
will  not  supply  any  glasses,  or  will  do  so  only  at  the  special  request  of  the 
client.  On  no  account  should  he  state  that  there  is  a  disease  present,  much 
less  should  he  say  what  disease  he  suspects.  He  might  very  well  be  mistaken 
in  either  or  both,  which,  besides  giving  his  customer  unnecessary  alarm,  would 
not  redound  to  his  credit.  When  the  advice  has  been  given  that  an  oculist 
be  consulted  that  fact  should  invariably  be  entered  in  the  record  book. 

Cycloplegics  and  Mydriatics. — As  a  rule  a  cycloplegic  is  also  a  mydriatic. 
Cycloplegics  paralyze  the  sphincter  of  the  ciliary  muscle  and  therefore  cause 
the  true  static  refraction  of  the  eye  to  be  disclosed.  Mydriatics  paralyze 
the  sphincter  of  the  iris  and  therefore  enlarge  the  pupil,  thus  facilitating 
ophthalmoscopic  examination  of  the  fundus  and  retinoscopy,  for  which 
purposes  they  are  chiefly  employed. 
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The  necessity  of  cycioplegia  in  some  cases  of  Am.,  especially  in  children, 
is  unquestioned,  but  the  use  of  drugs  for  the  purpose  of  sight  testing  is  rapidly 
becoming  less  as  knowledge  of  the  work  increases.  Also  the  advantages  of  not 
correcting  Am.,  as  found  in  the  artificially  passive  eye,  are  becoming  more 
recognized  although,  of  course,  it  does  not  follow  that,  for  instance,  a  fuU 
correction  of  H.  is  given  because  the  error  has  been  measured  under  cycio- 
plegia. Cycloplegics  are  now  rarely  used  with  adults,  and  practically  never 
with  people  over  40,  since  they  are  liable  to  cause  an  attack  of  glaucoma  when 
there  is  a  tendency  thereto.  The  advantages  and  disadvantages  of  their  use 
depend  on  each  individual  case  but  drugs  should  never,  of  course,  be  employed 
by  a  non-medical  man. 

With  the  Ac.  paralyzed  all  eyes,  as  a  rule,  disclose  less  refraction  which 
averages  -5  D.  to  1  D.,  so  that  a  person  H,  1  D.  under  atropine  is  approxi- 
mately Em.  in  ordinary  vision;  one  who  is  Em.  under  atropine  is  M.  about 
1  D.  when  the  drug  wears  off.  It  must  not,  however,  be  forgotten  that  the 
accompanying  mydriasis  discloses  a  larger  area  of  cornea  and  crystalline,  and 
this  peripheral  area,  not  effective  in  ordinary  vision,  may  entirely  change  the 
mean  refractive  power.  We  know  that  the  periphery  of  the  cornea  has  less 
power  than  the  centre,  and  although  this  is  more  or  less  counteracted  by 
the  crystalline,  the  total  enlarged  area  may  be  of  less  power  than  the  central 
portion.  On  the  other  hand  the  peripheral  refraction  may  mask  the  changes 
caused  by  the  relaxed  accommodative  action,  it  being  of  greater  power,  even 
to  the  extent  of  causing  the  atropinized  eye  to  have  apparently  a  lower  M.  or 
higher  H.  than  it  possesses  under  ordinary  conditions.  Anyhow  it  is  pretty 
well  certain  that  the  mean  refractive  condition  of  a  dilated  eye  at  rest  may 
be  quite  different  from  the  mean  refractive  condition  of  that  same  eye  at 
rest  but  not  dilated.  But  these  points,  however  interesting,  do  not  diminish 
the  value  of  the  knowledge  to  be  obtained  from  cycioplegia  when  it  is  necessary, 
but  the  measm'e  of  the  Am.  thus  obtained  cannot  be  then  regarded  as  repre- 
senting that  of  the  eye  when  the  pupil  is  active,  and  still  less  of  the  eye  when 
the  Ac.  is  normally  in  action. 

Atropine,  by  paralyzing  part  of  the  3rd  nerve,  causes  strong  cycioplegia  and 
mydriasis.  Its  effect  does  not  completely  pass  away  for  7  or  10  days.  Homa- 
tropine  causes  partial  cycioplegia  and  mydriasis,  and  its  effect  lasts  about 
24  hours.  Cocaine  and  some  other  drugs  are  mydriatics,  but  cycloplegics  only 
to  a  slight  degree.  The  effect  of  an  instillation  of  cocaine  lasts  from  30 
minutes  to  2  hours  according  to  the  strength  used ;  it  acts  also  as  a  stimulant 
to  Muller's  muscle  of  the  lid. 

Eserine,  by  exciting  the  3rd  nerve,  causes  strong  spasm  of  accommodation 
andmyosis,  and  pilocarpine,  containing  the  principle  or  alkaloid  of  jaborandi, 
does  the  same  to  a  lesser  extent.  Cocaine  and  other  drugs,  such  as  eucaine 
and  holocaine,  are  local  anaesthetics.  The  time  taken  for  the  effects  of  atropine 
to  pass  away  is  shortened  by  the  use  of  a  weak  solution  of  eserine ;  this  also 
greatly  lessens  the  dangers  of  setting  up  glaucoma  in  an  adult.  Opium  causes 
contraction  of  the  pupils. 
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Protection  for  the  Eyes  is  needed  under  various  conditions  and  in  different 
ways  apart  from  those  mentioned  under  "  The  Use  of  Coloured  Glasses." 

In  factories  and  workshops  injury  to  the  eyes  may  occur  from  (a)  exjoosure 
to  excess  of  heat,  light  or  chemical  rays.  (6)  fumes  or  poisons,  (c)  dust  or  flying 
particles,  {d)  insufficient  or  badly  placed  illumination,  (e)  eye-strain.  The 
preventives  are  protectors,  goggles,  coloured  glasses  and  lenses. 

Protectors  for  the  eyes  are  advisable  in  all  occupations  where  there  is 
liability  to  damage  from  flying  chips — stonemasons,  threshers,  etc.,  etc. — 
splinters,  hot  ashes,  flames,  molten  metals,  hot  liquids,  acids,  alkalies  and  other 
chemicals;  also  from  instruments,  projecting  parts  of  machinery,  explosions, 
blows,  etc.,  etc. ;  from  gases,  noxious  vapours  from  chemicals,  etc. 


CHAPTER  XVI 

NOTES  ON  THE  EYES 

Prevalence  of  Am. — Statistics  as  given  by  various  authoritative  investi- 
gators vary  quite  a  little,  but  as  a  rough  computation  the  following  can  be 
accepted  as  a  fair  deduction  from  them.  Of  the  total,  75  per  cent,  have  Hyper- 
opia, 15  per  cent,  have  Myopia,  9  per  cent,  have  mixed  Astigmatism  or  Anti- 
metropia,  1  per  cent,  have  Emmetropia.  Of  the  Hyperopes  some  90  per  cent, 
have  measurable  astigmatism  and  of  the  Myopes  practically  all — -the  exceptions 
to  this  last  being  those  with  congenital  or  malignant  M.  Of  course  it  must 
be  remembered  that  Em.  and  low  H.  are  unlikely  to  come  under  examination 
and  with  respect  to  As.  there  are  the  differences  arising  from  (a)  figures  giveu, 
by  those  who  considered  a  case  to  be  one  of  As.  only  where  cylindricals  were 
supplied  and  those  who  included  all  cases  where  the  As.  was  measurable;  this 
applies  specially  to  M.  As. ;  and  (b)  figures  supplied  by  those  who  assigned  a 
case  to  the  H.  As.  class  or  to  the  mixed  or  M.  As.  classes  according  to,  respec- 
tively, the  real  static  condition  or  that  represented  by  the  lenses  prescribed. 

Notes  on  the  Eyes  in  General. — Fatigue  and  eye-strain,  quite  apart  from 
any  abnormality  in  the  way  of  ametropia,  muscular  insufficiency,  etc.,  may  be 
experienced  in  many  ways  and  from  many  causes.  Thus  muscular  fatigue 
may  result  from  work  done  with  the  eyes  excessively  elevated  or  depressed 
or  when  lying  down.  Similarly  strain  is  thrown  on  the  eye  generally  when 
reading  is  done  in  a  jolting  railway  carriage  or  public  vehicle  where,  perhaps, 
the  lighting  also  is  not  generally  -too  good ;  prolonged  use  of  the  'eyes  in  such 
circumstances  as  these  may  give  rise  to  the  habit  of  holding  the  work  very 
close  even  when  there  is  no  necessity  for  it.  Work  of  any  kind  under  condi- 
tions detailed  above  should  be  avoided. 

Continued  close  work  should  not  be  carried  on  without  giving  the  eyes 
occasional  rests  by  viewing  distant  objects. 

Especially  should  the  eyes  be  rested  or  little  used  during  illness  or  con 
valescence. 

All  the  muscular  actions,  connected  with  sight,  are  performed  unconsciously 
and  without  their  being  felt,  unless  they  are  carried  to  an  extreme,  as  when 
rotating  the  eyes  as  far  as  possible  or  when  accommodating  for  the  near  point. 
Only  when  they  are  working  inharmoniously  or  under  improper  conditions 
are  we  made  aware  of  their  existence. 

There  is  no  fixed  relationship  between  distant  and  near  visual  acuity. 
The  one  might  be  bad  and  the  other  good;  especially  the  ability  to  see  near 
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objects — with  proper  glasses — might  be  quite  normal  while  sight  for  distance 
remains  subnormal;  the  reverse  does  not  frequently  occur,  however.  Thus, 
owing  to  his  sight,  a  j)erson  might  well  be  better  suited  for  some  occupations 
and  not  others.  Again  there  are  occupations  where  acute  vision  is  not  neces- 
sary. A  young  person  will  more  easily  and  quickly  do  work  which  requires 
visual  adjustment  for  different  distances.  He  accommodates  more  rapidly. 
This  difficulty  is  exemplified  when  sighting  a  rifle  where  the  Ac.  has  to  be 
rapidly  altered  for  three  different  distances,  viz.  the  object,  the  fore  and  the 
near  sights. 

What  we  take  to  be  a  high  degree  of  visual  acuity  is,  sometimes,  not 
ocular  but  mental,  or  rather  interpretative,  superiority.  This  is  mainly  due 
to  habit  and  training.  It  enables  a  person  to  pick  up  visually  a  distant  object 
and  mentally  determine  its  nature,  when  it  is  invisible  to  another.  In  near 
vision  this  is  also  found,  as  in  microscopy  and  in  detecting  flaws  in  precious 
stones. 

Work  should  not  be  done  in  a  dim  light  or  twilight  or  in  bad  and  insufficient 
illumination,  nor  near  work  by  bright  direct  sunlight.  Work  in  hot,  dusty 
rooms  is  bad  for  the  eyes. 

The  eyes  should  never  be  engaged  in  viewing  bright  objects  for  more  than 
a  certain  time,  say  half  an  hour  or  so,  without  rest,  but  a  more  permanent 
form  of  relief  is  obtained  from  the  use  of  appropriately  coloured  glasses. 
Neglect  of  these  precautions  renders  the  eyes  very  irritable  and  therefore 
more  liable  to  other  troubles. 

Bad  illumination  induces  myopia  and  strain  on  the  Ac.  and  Con.  in  order 
to  see  obj ects  ii earer  than  should  be  necessar3^  As  a  rule  people  with  defective 
sight  need  more  illumination.  Although  there  is  a  marked  difference  in  the 
degree  possessed,  all  peoj)le  have  the  faculty  of  retinal  adaptation  to  vision 
in  varying  illmninations.  The  actual  quantity  of  light  required  for  any 
given  work,  }noreover,  varies  with  the  general  illumination.  Thus  to  see  to 
read  in  a  dull  general  light  there  is  probably  required  fewer  candle  feet  than  is 
required  when  the  sun  is  shining  brightly ;  still  fewer  are  required  at  night. 
This  is  governed  by  the  retinal  adaptation.  The  ability  of  the  eyes  for 
continued  work,  apart  from  its  nature  and  the  condition  of  the  eyes,  varies 
with  the  individual.  And  apart  from  the  individual  and  his  power  of  visual 
adaptation,  it  also  varies  with  the  nature  of  the  illumination.  Experimental 
tests  show  that  it  is  best  in  diffused  daylight  and  next  in  diffused  white 
artificial  light.     It  decreases  as  the  illumination  is  more  direct. 

The  visual  acuity  can  be  what  is  commonly  regarded  as  normal  under  an 
ilhimination  of  2  or  3  candle  feet.  It  is  improved  as  the  latter  is  increased 
up  to  8  or  10  C.E.  After  that  it  remains  stationary,  and  with  a  much  further 
increase  it  commences  to  decline. 

In  matters  connected  with  sight,  illumination,  etc.,  it  is  as  well  not  to  be 
governed  too  rigidly  by  scientific  rules  as  laid  down  in  this,  or  any  other, 
hook.  Th  lighting,  artificial  or  natural,  should  have  a  pleasant  aspect  and 
tosthetic  value. 
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In  the  decoration  of  fooius  and  living  apartments,  very  dark  colours  are 
depressing  while,  on  the  other  hand,  very  light  tints  are  fatiguing  to  the 
eyes;  pale  green  or  blue,  gold,  grey  and  art  toned  papers  are  good.  Red  and 
old  gold  stimulate,  but  purple  and  dark  blue  have  the  contrary  effect ;  for  this 
reason  the  former  colours  are  generally  used  in  dining-rooms  and  places  of 
amusement.  Light  walls  give  the  effect  of  spaciousness  and  dark  ones  the 
reverse. 


Illmnination. 

Natural  Illumination. — ^To  obtain  sufficient  natural  illuminatiou  iu  a 
room  the  window  area  should  be  about  one-fifth  of  the  floor  or  more  if  the 
room  is  very  large.  The  value  of  the  window  area,  however,  differs  with 
the  hour,  the  season,  the  brightness  of  the  sky,  the  situation  and  the 
geographical  position  of  the  building. 

It  is  said  that  the  light  is  sufficient  if  the  visible  sky  subtends  an  angle 
of  40°  to  60°. 

Skylights  are  perhaps  best  for  factories,  workrooms,  etc.  Wall  windows 
.■tihould  extend  as  high  as  possible,  from  some  3  feet  above  the  floor,  and  should 
be  facing  or  to  the  left  of  workers — ^the  latter  only  in  schoolrooms;  direct  or 
excess  sunlight  being  blocked  out,  when  necessary,  by  blinds. 

The  light  intensity  varies  enormously  in  different  parts  of  a  room,  especially 
if  large;  the  direct  illumination  is,  however,  not  only  very  much  increased,  but 
also  very  much  better  distributed,  if  the  ceiling  is  white  and  the  walls  light  in 
colour  and  matt. 

The  furniture  of  school  and  work  rooms  should  be  light  in  colour  and  not 
polished. 

Desks,  work  tables,  etc.,  should  not  be  distant,  from  a  window,  more  than 
twice  the  height  of  the  latter. 

If  daylight  falls  below  2  C.F.  artificial  light  is  preferable.  The  steadiness 
of  a  north  light  makes  it  that  which  is  preferred  by  artists. 

Artificial  Illumination. — -With  respect  to  light,  in  general  it  is  more 
satisfactory  the  nearer  it  approaches  white,  but  if  coloured  lights  are  used 
for  illumination  they  should  be  pale  and  largely  diluted  with  white.  Thus 
pink  and  pale  orange,  or  pale  green,  are  pleasant,  but  the  same  colours  pm'e 
and  saturated  would  prove  extremely  fatiguing  to  the  sight. 

(lood  illumination  is  that  which  is  steady,  evenly  distributed  and  suffi- 
ciently bright;  direct  light  from  the  source  should  not  be  allowed  to  enter, 
or  in  any  way  to  shine  directly  ou  to  the  eyes,  in  the  latter  case  vision 
is  obscured  or  clouded  by  the  diffuse  light  inside  the  globe  itself  which  inter- 
feres with  the  view  of  the  object  or  work  in  hand.  Especially  in  prolonged 
close  work,  such  as  reading  or  writing,  there  should  be  absence  of  all  flicker. 
The  most  perfect  luminant  is  a  bright  white  light  thoroughly  scattered  by 
passage  through  ground  glass,  or  reflected  from  a  matt  surface. 
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(Jertain  sources,  like  the  electric  incandescent  or  arc  lamps,  are  rich 
in  actinic  or  ultra-violet  light,  prolonged  exposure  to  which  is  injurious. 
When  these  are  used  and  prove  irritating  anti-actinic  glasses  should  be 
used. 

Many  points  are  similar  to  those  given  under  "Natural  Illumination." 

The  minimum  light  intensity  varies  with  the  work,  being  governed  by 
{a)  contrast  between  the  object  fixed  and  its  background,  {b)  the  fineness  of 
the  work,  (c)  its  variable  distance. 

A  luminant  should  never  be  to  the  right,  especially  of  a  child  when 
writing,  etc.,  as  it  causes  a  shadow  of  the  hand  to  be  thrown  on  the  work. 

In  a  schoolroom,  the  blackboard  should  be  specially  well  lighted  by 
luminants  screened  on  the  farther  side.  As  stated  above  bare  lights  should 
never  be  in  a  position  to  be  seen  directly,  their  utility  consists  of  causing 
other  objects  to  be  seen. 

The  Use  oi  Coloured  Glasses. 

There  seems  to  be  no  reason  to  doubt  that  natural  light  is  perfectly  suit- 
able for  ordinary  human  eyes  under  conditions  to  which  those  eyes  are 
accustomed,  and  the  use  of  light  filters  is  indicated  only  under  special  con- 
ditions. Thus  a  townsman  may  need  protectors  when  he  is  at  the  seaside, 
while  a  fisherman  living  there  would  not.  A  European,  or  North  American, 
requires  protectors  in  the  tropics  which  the  native  has  no  use  for,  the  latter 
having  been  provided  by  natui'e  with  more  pigmentation  both  in  eyes  and 
skin. 

The  indiscriminate  use  of  special  glasses  for  the  purpose  of  altering 
the  proportion  of  heat,  chemical  and  light  waves  contained  in  solar  light 
seems  an  unnecessary  interference  with  nature;  coloured  glasses  are  like 
drugs — good  to  take  when  needed  and  bad  when  not  needed,  and  still  worse 
when  taken  constantly.  There  is  not  the  slightest  evidence  that  the  normal 
proportions  of  ultra-violet  and  infra-red  waves  are  harmful  to  normal  eyes, 
and  we  do  not  know  what  part  the  former  might  play  in  the  maintenance  of 
the  transparency  of  the  cornea  and  crystalline  lens,  or  its  influence  on  the 
visual  purple.  Neither  the  infra-red  and  red,  nor  the  ultra-violet  and 
violet,  arc  in  focus  in  a  normal  eye,  and  the  intolerance  of  light  in  Am.  might 
be  in  'paH  due  to  the  one  or  other  then  being  so. 

It  is  excess  of  all  light,  or  the  excessive  prevalence  of  one  kind,  that  is 
bothersome  or  harmful,  or  it  is  the  abnormal  condition  of  the  eyes  or  the 
unaccustomed  conditions  under  which  they  are  used.  There  should  be 
a  definite  reason  for  advising  a  customer  to  wear  light  filtering  glasses. 

The  reasons  for  the  use  of  coloured  glass  may  be  found  in  (a)  the  con- 
dition of  the  eyes,  (6)  the  occupation  of  the  individual,  whether  permanent  or 
temporary,  and  (c)  his  surroundings  or  the  condition  of  nature. 

It  will  usually  be  found  that  those  who  sufi'er  from  sun-glare,  not  only 
in  Europe  but  in  the  tropics  as  well,  do  so  on  account  of  eye-strain.     They 
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need  corrective  lenses  for  ametropia  rather  than  coloured  glasses,  and 
correction  of  the  refractive  error  will  generally  cure  the  intolerance  of  light. 
A  clear  distinction  should  be  drawn  between  conditions  where  photophobia 
results  from  excessive  light  and  where  it  results  from  eye-strain.  Further, 
if  the  retina  is  hypersensitive  to  light,  the  use  of  coloured  glasses  tends 
to  make  it  more  so.  What  has  been  said  with  respect  to  sun-glare  will 
be  found  frequently  to  apply  equally  well  to  troubles  caused  by  artificial 
lights;  i.e.  occupation  or  surroundings  may  occasion  light  intolerance  to 
one  and  not  to  another,  according  as  the  condition  of  the  eyes  induces  it 
or  not.  Moreover  the  adaptability  or  sensitiveness  of  the  eyes  to  certain' 
colours  varies  with  different  individuals,  so  that  no  rigid  rule  can  be  applied 
as  to  the  use  of  coloured  glasses. 

The  question  of  the  use  of  light  filtering  glasses  becomes  one  of  con- 
sideration of  (1)  the  intensity  of  the  visual  light,  (2)  the  action  of  the  heat 
rays,  (3)  the  action  of  the  actinic  rays.  For  instance,  taking  a  very  extreme 
case,  suppose  a  person  looked  directly  at  the  sun  with  the  result  that  a 
permanent  damage  is  done  to  his  eyes.  What  caused  that  damage,  the 
visual,  the  heat  or  the  actinic  light  or  all  the  three  ? 

With  respect  to  ocular  conditions  where  coloured  glasses  are  required, 
oculists  sometimes  order  smoke  glasses  for  patients  suffering  from  ocular 
disease.  Occasionally  true  cases  of  photophobia  and  hypersesthesia  of  the 
retina  are  met  with  and  these,  as  well  as  conditions  such  as  aniridia,  albinism, 
hemeralopia  and  nyctalopia,  are  benefited  by  the  use  of  smoke  glass.  Dark 
glasses  in  incomplete  nuclear  cataract  cause  the  pupils  to  dilate  in  daytime 
and  thus  more  light  is  admitted  through  the  clear  periphery  of  the  crystalline. 
Amber  glass  is  recommended  for  some  cases  of  amblyo])ia  and  spectrum 
blue  for  some  diseases. 

The  crystalline  lens  of  the  eye,  being  fluorescent,  is  a  natural,  if  only 
partial,  protector  against  ultra-violet  light.  Aphakic  eyes,  deprived  of  this 
natural  protector,  may  derive  considerable  benefit  from  the  use  of  coloured 
glasses  capable  of  absorbing  the  short  waves  and,  if  white  lenses  are  em- 
ployed, they  should  most  certainly  not  be  j)ebbles — ^whicli  are  very  trans- 
parent to  the  ultra-violet  rays. 

Ordinary  crown  glass  lenses  absorb  both  infra-red  heat,  and  ultra-violet 
chemical,  rays  as  well  as  a  small  part  of  the  visible  spectrum,  so  that  they 
are  quite  eft'ective  light  filters  and  absorbers  up  to  a  certain  point.  Their 
influence  in  this  connection  might  account  for  some  of  their  beneficial  effect 
when  they  are  of  weak  powers.  It  is  a  fact  that  some  jieople  wear  white 
piano  glasses  with  apparent  satisfaction;  indeed,  this  is  quite  a  common 
thing  in  China  and  although  it  is  put  down  to  fashion,  the  latter  is  q\iestion- 
able. 

Ocular  discomfort  arises  when  bright  simlight  is  freely  reflected  from 
chalky  cliffs,  white  buildings  and  upwards  from  the  sea,  and  other  bodies 
of  water,  and  from  white  roads.  In  a  far  higher  degree  the  same  results 
from  reflections  from  dusty  and  sandy  plains  especially  in  dry,  hot,  tropical 
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countries,  from  rocks  iu  dry  mountainous  districts  and  from  snow-covered 
ground  in  dry,  cold  climates. 

The  symptoms  wliicli  may  resvdt  are  discomfort  or  intolerance  of  the 
light  with  ])erhaps  slight  redness  of  the  eyes  and  headache  in  the  minor 
cases,  as  met  with  in  temperate  climates.  In  the  extreme  cases  of  snow 
and  desert  l)lindness  there  is  conjimctivitis.  swelling  of  the  lids  and  fundus 
rhanges. 

These  latter  symptoms  do  not  differ  nmch  from  those  met  with  in  people 
woi'king  with  or  by  strong  electric  lights.  It  is  therefore  not  surprising  that 
many  consider  that  the  cause  of  these  troubles  is  the  action  of  actinic  rays 
from  which,  also,  fluorescence  is  said  to  occur,  and  cause  irritation  in,  the 
retina;  it  is  also  said  that  cataract  may  be  induced  by  prolonged  exposure  to 
actinic  light  so  that  the  frequency  of  cataract  in  India,  and  other  tropical 
countries,  is  assigned  to  its  influence;  indeed  the  use  of  red  underclothing 
in  tropical  countries  to  neutralize  the  action  of  chemical  light  has  been 
recommended.  On  the  assumption  that  actinic  light  is,  or  may  be,  the  cause 
of  cataract  some  oculists  prescribe  glasses  which  block  out  this  light,  when 
the  condition  is  incipient.  This  view  and  application  are  not,  however, 
universal. 

Now  while  it  is  possible  that  the  chemical  light,  and  that  only,  is  the 
cause  of  the  troubles  referred  to,  such  might  very  well  not  be  the  case,  or 
anyhow  not  entirely  so.  The  minor  troubles  caused  by  country  and  seaside 
light  and  the  graver  ones  of  extreme  climates  might  be  partially,  if  not 
entirely,  due  to  action  of  the  heat  rays  on  the  front  of  the  eyes  by  drying  up 
the  lachrymal  secretions.  The  cataract  of  tropical  countries,  and  of  those 
exposed  to  extreme  heat  as  furnace-men  and  smelters,  might  be  due  to  the 
action  of  heat  interfering  with  the  normal  nutrition  of  the  crystalline  lens. 

At  the  same  time  we  must  not  forget,  in  connection  with  the  use  of 
non-actinic  or  non-calorific  or  visual  reducing  glasses  that  (a)  the  newer 
lights,  now  commonly  in  use,  give  off  a  larger  proportion  of  actinic  liglit 
than  did  the  older  ones,  (6)  that  it  is  extremely  ])robable  that  sunlight  in 
dry  and  clear  atmospheres  is  rich  in  actinic  light,  there  being  less  moisture 
and  dust  to  absorb  it. 

Occupation  may  necessitate  ocular  ])rotection  from  light  as  by  glass 
blowe'rs,  furnace-men  and  others  engaged  in  callings  where  fire  or  molten 
metal  has  to  be  constantly  viewed.  For  these  purposes  goggles  fronted  with 
thick  cobalt  blue,  spectrum  blue  or  smoke  glass  are,  or  should  be,  used.  For 
viewing  electric  lights  extremely  deep  smoked  (electric)  glass,  which  renders 
ordinary  objects  invisible  or,  still  better,  extra  thick  spectrum  blue  glass,  is 
needed.  This  latter  is  to  be  preferred  wherever  possible  since  it  enables  the 
wearer  to  see  objects  around  him  which  the  deep  smoked  glass  does  not;  it 
prevents  injurious  after-images  even  if  an  arc  light  be  gazed  at  fixedly. 
Extremely  deep  smoke  glass  is  required  for  viewing  eclipses.  Yellow  is 
sometimes  employed  for  shooting  and  landscape  viewing,  as  it  somewhat 
increases  definition.    Spectrum  blue,  amber,  yellow-green  or  similar  glasses  are 
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recornraended  for  all  engaged  in  work  by  electric  light,  since  they  all  cut 
oif  most  of  the  actinic  waves. 

The  surroundings  for  which  the  use  of  coloured  glasses  is  to  be  recom- 
mended are  the  seaside  in  sunny  weather,  countries  where  snow  covers  the 
ground  and  strongly  reflects  bright  sunlight  upwards,  and  for  sandy  or 
chalky  districts,  especially  in  the  tropics,  where  similar  conditions  as  regards 
the  light  are  found.  The  brows,  lashes,  headgear,  etc.,  afford  natural 
protection  for  the  eyes  from  above,  whereas  there  is  little  or  none  from 
below.  So  long  as  the  surrounding  landscape  furnishes  grass,  trees  or 
dark  objects  to  which  the  eyes  can  be  turned  for  relief,  coloured  glasses 
are  not  usually  required,  but  at  sea,  in  countries  like  Canada  in  the 
winter,  in  the  deserts  of  Africa  and  Asia  and  in  many  other  tropical  parts, 
this  does  not  occur.  For  such  protection,  smoke  glass  of  a  suitable  tint 
should  be  selected,  but  many  people  seem  to  prefer,  and  find  comfort  from, 
the  use  of  cobalt  blue,  spectrum  blue  or  yellow-green  glass,  especially  if  the 
glare  is  not  strong.  The  Chinese  for  some  time  past  have  employed  a 
pinkish  tinted  pebble  and  the  Esquimaux  use  roughly  made  stenopaeic  slits  for 
this  purpose.  Green  glass  is  now  not  much  used,  while  cobalt  blue,  although  it 
reduces  the  intensity  of  sunlight,  has  little  value  otherwise  as  a  light  protector ; 
the  colours  it  cuts  oft",  if  deep,  are  the  least  injurious,  and  if  it  is  of  light 
tint  it  is  almost  entirely  without  effect.  Spectrum  blue  is  more  effective,  as 
a  protector,  since  it  blocks  out  the  colours  least  suitable  for  vision.  Orange, 
yellow  and  yellow-green  glass  are  of  value  if  only  the  violet  and  ultra-violet, 
which  are  the  most  injurious  portions  of  the  spectrum,  need  to  be  reduced  or 
cut  out. 

The  Properties  of  Neutral  and  Tinted  Glass.— Smoked  glass  absorbs  equally 
all  the  component  colours  of  white  light,  and  when  in  front  of  the  eye  reduces 
the  visual  acuity  to  a  greater  or  lesser  degree.  It  does  not  change  the  colour 
of  a  body  unless  it  is  of  deep  tint,  when  it  causes  all  dark  colours  to  appear 
black  and  light  ones  grey.  As  already  mentioned,  red  light  penetrates  pure 
smoke  glass  more  than  do  the  other  waves.  So-called  neutral  glass  is,  how- 
ever, frequently  found  to  be  tinged  with  colours  such  as  red,  green,  blue  or 
purple.  Sometimes  a  smoked  glass  which  imparts,  say,  a  distinctly  green 
tinge  to  a  flame  seen  through  it  will,  if  much  thicker,  or  if  two  or  three  pieces 
be  put  together,  cause  the  flame  to  appear  bright  red.  Smoke  glass  is  said 
to  have  only  a  limited  effect  in  blocking  out  the  infra-red  and  ultra-violet 
light.  A  glass  of  distinct  colour,  as  red  or  green,  transmits  also  some  of  the 
closely  adjacent  tints  but  absorbs  all  the  other  colom's. 

Spectrum  blue  blocks  out  the  extremes  of  the  spectrum,  that  is,  red  and 
orange  on  the  one  side  and  the  violet  (and  ultra-violet)  on  the  other,  while 
it  transmits  green-blue,  green  and  a  little  yellow. 

Cobalt  blue  glass — the  ordinary  blue  glass  of  commerce — has  almost  the 
contrary  effect  to  spectrum  blue;  it  freely  transmits  blue  and  red  and  if  of 
considerable  thickness  excludes  the  yellow  and  green. 

Orange,  yellow  and  yellow-green  glass  absorbs  the  violet  (and  ultra-violet) 
light  entirely  and  transmits  mainly  yellow. 
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A  greenish-yellow  glass  will  cut  off  all  the  heat  (intra-red)  and  chemical 
(ultra-violet)  rays;  but  a  glass  that  will  do  this  and,  at  the  same  time,  transmit 
all  the  visible  spectrum  is  at  present  not  known.  The  nearest  approach  to 
the  above  is  Crookes',  mentioned  below. 

As  a  summary  smoke,  red,  amber,  yellow-green  and  white  cut  out  the 
ultra-violet  rays;  smoke,  dark  green  and  cobalt  blue  cut  out  the  visible 
rays;  smoke,  green  and  blue  cut  out  the  infra-red  rays.  Thus  smoke  and 
green  tending  to  blue  or  yellow  obstruct  both  extremities  and  some  of  the 
central  portion  of  the  spectrum. 

Crookes  Glasses. — The  researches  of  the  late  Sir  William  Crookes  have 
resulted  in  a  most  important  development  in  ophthalmic  work. 

In  1909  Sir  William  commenced  experiments  in  order  to  produce  glasses 
which  would  obstruct  the  heat  and  chemical  rays  without  materially  obstruct- 
ing the  visible  spectrum  or  affecting  the  natural  coloration  of  objects.  By 
the  admixture  of  various  metallic  elements  he  produced  some  hundreds  of 
glasses  having  different  qualities  and  of  these  nineteen  were  selected  for  their 
valuable  properties. 

Messrs.  Chance  Bros,  of  Birmingham,  who  were  associated  with  Sir  William 
'Crookes  in  the  experimental  work  carried  on  by  him,  came,  however,  to  the 
conclusion  that  although  some  of  these  glasses  have  particular  merits,  the 
optical  properties  of  two  types — namely,  the  A  and  B — serve  for  practically 
all  purposes.  The  Crookes  A,  while  so  colourless  as  to  be  almost  indistinguish- 
able from  white,  reduces  glare  very  considerably  and  cuts  out  a  large  proportion 
of  the  infra-red  rays  and  practically  all  the  ultra-violet.  The  Crookes  B  has 
similar  qualities,  but  to  a  greater  extent ;  moreover,  having  a  marked  neutral 
tint,  it  reduces  relatively  more  the  visible  portion  of  the  spectrum  and  is, 
therefore,  specially  efficient  in  extra  bright  illumination.  The  foregoing  is 
extracted  from  an  article  very  kindly  supplied  by  Messrs.  Chance. 

The  appreciation  of  innumerable  wearers,  the  prescribing  of  Crookes  glasses 
by  eminent  ophthalmic  surgeons,  the  testimony  of  Dr.  Charles  Sheard  in  his 
contribution  "  The  Ophthalmic  Use  of  Wellsworth-Crookes  Lenses,"  published 
by  the  American  Optical  Co.,  all  tend  to  ]:)rove  the  superiority  of  these  over 
ordinary  tinted  glasses  where  the  necessity  of  radiant  energy  filters  has  been 
proved  owing  to  abnormal  environment  or  to  abnormal  ocular  conditions,  with 
respect  to  light. 

Dr.  Sheard  gives  the  following  data  as  to  the  percentage  of  absorption  of 
light  by  different  glasses  each  2  mm.  thick. 


Limit  Visible 
Red. 

Yellow. 

Green. 

Limit  Visible 
Violet. 

Crookes  A     . , 

1 

15 

4 

15 

Crookes  B     . . 

15 

40 

40 

20 

Light  amber 

5 

10 

15 

40 

Dark  amber  . . 

20 

30 

45 

95 

Medium  smoke 

5 

50 

50 

25 
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Coloured  Lenses.— If  for  any  purpose  spherical  or  cylindrical  lenses  are 
required  of  a  certain  selected  tint,  it  is  necessary  to  remember  that  the  depth 
of  the  tint  depends  on  the  thickness  of  the  glass,  so  that  it  should  not  be 
worked  in  curves  if  uniform  colour  is  essential.  Thus  if  a  Cc.  power  be  worked 
on  a  tinted  glass  it  is  much  lighter,  while  a  Cx.  is  darker,  in  the  centre  than 
the  selected  test  glass,  but,  of  course,  a  suitable  coloured  disc  can  be  selected 
for  all  ordinary  powers  and  ordinary  purposes. 

Equality  of  tint  can  be  obtained  by  employing  a  piano  Cx.  or  Cc.  lens 
cemented  to  a  piano-coloured  glass.  For  a  sphero-cylindrical  combination 
equality  can  be  obtained  by  cementing  a  thin  piano-spherical  and  a  thin 
piano-cylindrical  to  the  two  sides  of  a  thin  piano-coloured  glass ;  or  if  one 
of  the  components  be  weak,  in  comparison  with  the  other,  by  employing 
coloured  glass  for  the  weaker  and  white  for  the  stronger,  both  being  pianos 
and  cemented  together.  In  this  way  practical  equality  of  tint  can  be 
obtained. 

Light  Transmission.— It  is  difficult  to  measure  the  proportion  of  light 
transmitted  by  coloured  glass,  but  with  smoke  the  following  are  the  approxi- 
mate percentages  of  the  commercial  discs;  the  figures  given  for  blue  are 
roughly  estimated : 


Tint. 

■ 

lor  A.      2orB. 

3  or  C. 

4  or  D. 

5orE. 

QorF. 

Percentage  of  light   f   ''^™°^''          ^'^ 
transmitted            |   ^j^^       ,       ^^^ 

50 

70 

30 
50 

20 
30 

10 

20 

2 
4 

The  Optical  Society  Standards  should  transmit  percentages  as  follows : — 


Ti?it. 

1 

80 

2 

3 

4 
40 

5 
30 

6 

7 

8 

9 

10 

Percentage  of  transmitted 
light         

60 

50 

20 

10 

5 

2-5 

1-25 

Since  the  proportion  of  incident  light  transmitted  depends  on  the  thick- 
ness of  the  glass,  it  is  not  easy  to  express  variations,  but  approximately  the 
transmission  varies  inversely  as  the  square  of  the  thickness.  Thus,  if  a 
standard  No.  6  pure  smoke  glass  transmits  1/5  of  the  incident  light,  a  second 
No.  6,  placed  behind  the  other,  transmits  1/5  of  that  transmitted  by  the 
first— that  is;  1/5  X  1/5=1/25  of  the  total  light,  originally  incident  on  the 
first  glass,  is  transmitted  by  the  two  together. 

Notes  on  Children's  Eyes.— ^Seeing  the  great  influence  that  the  sight 
of  early  childhood  has  upon  subsequent  life,  it  is  highly  important  that  eyes 
should  be  given  the  best  possible  chance  of  healthy  development.     We  have 
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sepn  that,  myopia,  squint,  etc.,  and  their  attendant  troubles  can  only  be 
arrested  if  taken  in  time  and  at  a  sufficiently  early  age.  It  is  very  essential, 
therefore,  that  children's  eyes  should  be  tested  and  corrected,  if  necessary, 
before  the  serious  study  and  application  of  the  eyes  to  near  work  in  school 
commences.  The  actual  adaptation  of  lenses  in  most  cases  calls  for  the 
employment  of  a  cycloplegic,  and  therefore  the  tests  should  be  made  by  a 
medical  man  or  by  an  optician  working  in  conjunction  with  him.  However 
cursory  the  examination  of  a  whole  school  may  be,  yet  it  is  better  than  nothing 
since  vision  can  be  noted,  and  those  cases  obviously  needing  furthei'  and 
more  detailed  examination  quickly  sorted  out. 

Toys  and  playthings  should  not  be  small  or  of  such  nature  as  to  call  for 
close  vision,  and  the  contemplation  of  distant  objects  should  be  encouraged; 
further,  the  hours  of  close  work,  especially  home  work,  should,  for  young 
children,  be  the  minimum  possible.  It  is  very  often  the  case  that  the  back- 
wardness of  a  particular  child  is  ascribed  to  stupidity  when  in  reality  he 
is  handicapped  by  some  ametropic  condition  giving  rise  to  defective  or  painful 
sight.  Children  should  not  be  allowed  to  stoop  when  reading  or  writing, 
nor  should  they  liold  the  work  very  near  to  the  eyes.  Bending  over  the 
fire  to  read  by  its  light  is  a  favourite  habit,  and  one  calculated  to  bring  on 
myopia  and  eye-strain  generally  perhaps  more  than  anything  else.  For 
the  same  reason  desks  and  chairs  should  be  designed  on  common-sense 
principles,  and  some  allowance  made  for  the  different  sizes  of  children  to 
obviate  the  necessity  for  stooping  among  the  taller  ones;  apparently  some 
people  seem  to  think  that  all  children  are  the  same  size.  Finally,  teachers 
should  be  taught  or  allowed  to  arrange  classes  so  that  close  work  be  done 
at  hours  when  the  light  is  sufficiently  good. 

It  seems  to  be  rather  the  fashion  to  denounce  close  work  as  being  injurious 
for  children's  eyes.  This  is  not  the  case;  reading,  writing,  etc.,  are  the  very 
best  exercises  for  the  optical  eye  and  the  mental  vision;  only  such  work 
should  be  done  under  pioper  conditions  and  within  reasonable  limitations. 

School  Children's  Sight  Tests  would  vary  with  local  regulations  or  the 
method  of  carrying  out  regulations.  The  primary  tests  are  usually  made  by 
someone  who  is  not  versed  in  ocular  optics,  for  instance  a  schoolmistress. 
This  is  convenient  enough  where  there  is  a  considerable  number  of  children ; 
the  primary  tests  being  for  the  purpose  of  dividing  the  children  into  three 
classes,  viz.  (1)  those  who  require  corrective  lenses  or  the  attention  of  an  eye 
surgeon,  (2)  those  who  may  require  glasses,  (3)  those  who  obviously  do  not. 
The  first  step  is  to  separate  class  No.  3.  The  teacher  should  be  provided  with 
a  chart  having  some  Snellen's  types  Nos.  9,  6,  and  4-5,  also  a*  long-handled 
occluder.  Each  child  should  be  asked  two  questions — namely,  whether  his 
eyes  Imrt  and  whether  he  has  headaches  often.  If  the  replies  are  in  the 
negative  and  if  in  addition  the  V.  of  each  eye  is  normal — each  alternately 
being  occluded — that  child  can  be  classed  in  No.  3.  If  the  V.  of  either,  or  both 
eyes,  is  subnormal  or  if  there  are  pains  or  headaches,  a  proper  examination  by 
someone  competent  should  be  carried  out. 
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Of  course  many  of  those  who  have  H..  or  low  H.  As.,  would  come 
into  class  .'3,  but  glasses  are  not  required  for  these  defects  provided  that 
the  eyes  are  conifoitable,  there  are  no  headaches  and  no  diminution  of 
vision. 

Points  on  Printing  Papers. — The  legibility  of  print  depends  on  the  contrast 
between  the  type  and  the  background;  the  blacker  the  former  and  the  whiter 
the  latter  the  better  the  print  stands  out.  Coloured  paper  is,  therefore,  not 
good  because  there  is  insufficient  contrast.  An  extremely  white  ground  is, 
however,  fatiguing  to  the  eyes;  cream-coloured  paper,  although  less  perfect 
than  pure  white  as  regards  contrast,  is  more  agreeable  and  to  be  preferred  for 
general  use.  Thin  paper,  which  shows  the  type  from  the  reverse  side,  should 
be  avoided.  Glazed  papers  which  reflect  light  regularly  are  objectionable. 
Ordinary  paper  has  a  glaze  which  causes  both  regular  and  dispersive  reflection ; 
the  paper  is  good  as  the  former  is  low  and  the  latter  high.  If  the  regular 
reflection  is  excessive  it  may  prevent  one  from  seeing  clearly  and  indeed  at 
certain  angles  of  view  reading  or  writing  may  become  impossible. 

Unconsciously  a  person,  when  reading  or  writing,  selects  a  position  for  the 
paper  such  that  the  regularly  reflected  light,  from  it,  cannot  enter  his  eyes. 
One  can  often  see  the  print  on  one  part  of  a  page  of  glazed  paper  better  than 
on  another  for  this  reason.  The  results  of  glare  from  a  glazed  or  polished 
surface  are  lowered  visual  acuity,  discomfort  and  fatigue  and  if  continued 
eye-strain  and  retinal  asthenopia.  The  glare  of  a  polished  surface  consists 
of  an  imperfect  virtual  image  of  the  source. 

Print  Types. — Thin,  worn  and  solid  type  is  bad;  broad  and  leaded  type 
is  good.  The  greater  the  space— within  reason-  between  the  various  letters 
and  words,  the  more  easily  is  reading  achieved.  If  the  type  is  small  the  length 
of  lines  should  not  exceed  say  6  cm.  and  for  large  type  10  or  12  cm. ;  the 
latter  is  just  taken  in  comfortably  by  the  eyes  without  turning  the  head  or 
over-exerting  the  lateral  muscles ;  they  should  not  be  less  than  3  or  4  cm.  If 
avoidable,  type  should  not  be  smaller  than  1-5  mm.  in  length,  and  2  mm. 
should  be  the  smallest  in  school  books;  the  thickness  of  the  thin  lines  of  each 
letter  should  not  be  less  than  -25  mm.  The  intervals  between  letters,  words 
and  lines,  respectively,  should  not  be  less  than  1,  2  and  3  mm.  approximately. 
If  print  is  large  reading  is  generally  less  rapid. 

The  following  are  the  approximate  lengths  of  some  of  the  best  known 
styles  of  type : — 


Double  Pica    . 

Great  Primer  . 

English 

Pica 

Long  Primer    . 

Brevier 

Nonpareil 

Pearl    .  . 

Brilliant 


3-00  mm. 

2-50  „ 

2-00  „ 

1-75  „ 

1-50  „ 

1-25  „ 

1-00  „ 

•75  „ 

•5  „ 
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Snellen's  types  have  the  following  dimensions : — 


No.  of  type  =  distance 

in  M 

60 

48 

36 

24 

18 

12 

9 

6 

4-5 

3 

2 

Size  in  mm.  . . 

87 

70 

52 

35 

26 

17-5 

13 

8-7^ 

6-50 

4-37 

2-1) 

No.  of  type  =  distance 

in  feet 

200 

160 

120 

80 

60 

40 

30 

20 

15 

10 

6-6 

Size  in  inches 

3-5 

2-8 

2-1 

1-4 

1 

•7 

•5 

•35 

•25 

•18 

•12 

Reading. — ^When  reading  the  Ac.  varies  slightly  for  the  different  parts  of 
each  line  and  it  further  varies  for  the  one  eye  as  compared  with  tlie  other. 

The  rotation  of  the  eyes  needed  when  reading  is  achieved  by  jmiips  or  jerks 
followed  by  pauses  during  which  one  reads.  The  jump  is  sufficiently  great 
to  cover  a  focal  field,  that  is  about  10  letters  or  1|  words  of  ordinary  length  and 
type,  so  that  there  are  4  or  8  to  a  line  according  to  length.  Each  pause  lasts 
about  ^  second,  and  the  jumps  and  returns  to  the  beginning  of  the  next  line 
are  so  rapid  that  they  cannot  be  computed,  but  some  95  per  cent,  of  the  whole 
time  is  taken  up  by  the  pauses. 

Ordinarily  one  does  not  really  see  either  all  the  letters  or  the  whole  of  any 
of  them  or  the  ends  and  beginnings  of  lines.  One  uses  mainly  the  upper  parts 
of  some  letters  and  mentally  completes  the  remainder  of  the  letters  and  the 
balance  of  the  words,  especially  when  reading  rapidly.  It  is  for  this  reason  ' 
that  a  person  frequently  misreads  a  word,  and  a  misprint  can  be  read  by  many 
without  once  being  noticed.  Only  if  the  subject-matter  has  to  be  grasped, 
and  (or)  is  not  easy,  do  the  eyes  roam  vertically,  to  a  certain  extent,  to  make 
sure  of  a  word.  The  educated  reader  needs  less  vertical  excursions  and  less 
(complete  view  of  each  word. 

The  rapidity  and  steadiness  of  reading  thus  depend  on  the  mentality  of 
the  reader  and  his  grasp  of  or  interest  in  the  subject-matter,  but,  in  all  cases, 
fatigue  lessens  the  speed,  the  pauses  being  lengthened,  because  the  mind 
requires  longer  to  interpret  the  visualized  sensations.  Little  benefit  thus 
accrues  from  study  when  fatigued.  A  child  or  an  uneducated  person  reads 
slowly  because  the  whole  of  each  letter,  and  of  each  word,  has  to  be  visualized 
and  the  mental  interpretation  takes  longer  to  efiect. 

The  Iridesand  Pupils. — The  iris  lies  within  the  aqueous  {vide  Chapter  I.), 
and  is  steadied  by  contact  of  its  pupillary  margin  with  the  crystalline.  It 
corresponds  in  shape  and  function  to  the  iris  diaphragm  of  a  photographic  lens, 
regulating  by  its  contractility  the  amount  of  light  admitted  to  the  interioi'  of 
the  eye  and  reducing  the  aberrations. 

The  Colour  of  Iris.— The  pigment  of  the  iris  gives  to  the  eye  its  distinctive 
colour;  if  deficient  it  appears  blue  or  grey,  running  through  all  shades  of 
hazel  and  brown  as  the  pigment  increases  in  the  outer  layer,  it  being  lighter 
as  the  latter  is  more  transparent.  The  anterior  surface  of  the  iris  shows  a 
series  of  fibres  radiating  from  the  pupillary  margin  to  the  periphery  with  fine 
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markings  or  irregularities  so  tiiat  the  iris  is  uevcr  of  unifonu  colCiur  througliout, 
but  is  more  or  less  mottled,  the  predominant  colour  being  that  to  which  the 
distinctive  name  is  given;  the  colour  is  somewhat  modified  in  artificial  light. 
Moreover  there  are,  more  or  less  distinctively  marked,  two  zones,  separated 
by  a  circular  ridge,  the  coloration  of  which  differs,  that  of  the  outer  being 
usually  darker  than  that  of  the  inner  zone.  At  the  extreme  periphery  there  is 
generally  a  dark  ring. 

Most  children  of  European  descent — especially  in  northern  latitudes — are 
born  with  blue  or  steel-grey  irides,  the  colour  generally  becoming  darker  or 
brown  as  the  child  gets  older.  Highly  pigmented  and,  therefore,  very  dark 
brown  irides  are  habitually  found  among  coloured  races  and  among  whites  who 
have  lived  for  generations  in  tropical  or  semi-tropical  climates,  where  more 
protection  is  needed  from  the  intense  light  of  the  sun.  Photophobia  may 
result  from  imperfect  pigmentation,  the  light  penetrating  the  more  or  less 
translucent  iris;  this  is  most  pronounced  in  albinism  where  the  pigment  is 
largely  absent. 

The  pupil  (from  paijiUm,  a  small  boy)  appears  black  because  light  issuing 
from  it  tends  to  follow  the  direction  of  the  entering  rays  and  therefore  fails  to 
enter  an  observer's  eye  unless  the  latter  be  situated  in  the  direction  of  the 
emergent  rays  reflected  from  the  fundus.  The  returning  rays  can  be  received 
by  looking  through  a  hole  in  the  centre  of  a  mirror  adjusted  to  reflect  a  beam 
of  rays  into  the  observed  eye,  such  an  arrangement  constituting  the  principle 
of  the  ophthalmoscope.  If,  however,  the  pupil  is  widely  dilated  a  position 
can  sometimes  be  found  where  the  observer  can  receive,  without  an  ophthal- 
moscope, a  sufficient  amount  of  reflected  light  to  perceive  the  colour  of  the 
.  fundus  of  an  observed  eye. 

Although  the  pupil  normally  is  black,  it  presents  a  greyish  appearance  in 
old  age  due  to  fluorescence  of,  and  reflection  from,  the  crystalline  which  has 
become  less  transparent.  This  is  often  mistaken  for  cataract  but  can  be  dis- 
tinguished from  it  by  the  fact  that  the  fundus  is  ophthalmoscopically  visible 
and  vision  comparatively  good.  The  normal  pupil  is  round,  but  in  astigmatism 
it  is  sometimes  found  slightly  elliptical,  the  long  diameter  corresponding  to 
one  of  the  principal  meridians.  It  may  be  distinguished  from  an  irregular 
or  elliptical  pupil  due  to  adhesion  by  its  power  of  equal  dilatation  in  every 
direction,  which  is  not  the  case  when  there  are  adhesions  of  the  iris  to  the 
capsule  of  the  crys.  lens.  An  elliptical  or  abnormally  shaped  pupil  may  result 
from  a  blow  on  the  eye,  or  injury  or  wound  of  the  iris.  The  centre  of  the 
pupil  coincides  with  neither  that  of  the  iris  nor  of  the  cornea,  but  lies  slightly 
to  the  nasal  side  of  the  centre  of  both  and  its  position  therefore  approximates 
to  the  visual  line. 

Variations  oS  Pupil.— in  a  bright  light  the  pupil  contracts  immediately 
and  becomes  larger  as  the  light  is  reduced;  in  total  darkness  it  is  widely 
dilated.  In  average  light  intensity  the  pupil  is  of  medum  size — say  from 
3  to  5  mm.  in  diameter.  When  stimulated  by  light  the  s[)hincter  iridis 
contracts,  thereby  tending  to  close  the  pupil  by  overcoming  the  elasticity  of 
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the  radiating  fibres  and  stretching  them  towards  the  centre.  This  is  not  a 
direct,  but  a  reflex  stimulus  from  the  light  incident  on  the  nerve  teiminals 
of  the  retina  causing  an  invohmtary  contraction  of  the  sphincter  iridis 
Certain  drugs  cause  contraction,  while  others  cause  dilatation  of  the  pupil, 
as  mentioned  in  the  previous  chapter, 

A  small  pupil  tends  to  modify  defective  vision  due  to  ametropia;  in  old 
age  the  distant  vision  of  a  myope,  apart  from  other  reasons,  is  improved  by 
the  lessened  size  of  the  pupil  and  a  presbyope  can  read  without  glasses  if 
pupillary  contraction  is  stimulated  sufficiently  by  direct  light.  As  a  rule 
myopes  see  much  worse  at  dusk  than  during  the  day,  due  to  the  fact  that 
their  pupils  dilate  and  the  sharpness  of  the  retinal  images  is  then  still  more 
reduced.  Asthenopia  and  photophobia  are  also  commoner  when  the  pupils 
are  large. 

Although  they  act  independently,  there  is  an  intimate  connection  between 
the  sphincter  of  the  ciUary  and  that  of  the  iris,  so  that  when  the  eye  accom- 
modates the  pupil  contracts.  When  the  eye  is  adjusted  for  distance  accom- 
modation is  relaxed  and  the  pupil  dilated,  permitting  an  increased  quantity 
of  light  to  enter  the  eye.  If  the  iris  were  inactive,  the  altered  form  of  the 
crystalline  in  near  vision  would  probably  make  the  pupil  larger,  owing  to  the 
forward  pressure  of  the  lens  on  the  pupillary  margin  of  the  iris.  The  pupils 
are  usually  large  in  myopia  and  small  in  hypermetropia,  due  no  doubt  to 
habitual  relaxation  of  accommodation  in  the  former  and  accommodative 
effort  in  the  latter.  They  are  comparatively  larger  in  youth  and  smaller  in 
old  age  than  they  are  in  middle  life,  but  why  this  should  be  seems  difficult  to 
explain ;  the  contraction  of  the  pupils  during  sleep  and  their  dilatation  under 
strong  emotion  is  also  apparently  inexplicable. 

Normally  the  pupils  are  larger  in  artificial  than  in  day  light.  Also 
normally  they  are  of  equal  size,  and  although  slight  inequality  is  not  imusual, 
any  marked  difi'erence  may  point  to  disease  unless,  indeed,  it  is  due  to  an 
intentional  or  accidental  instillation  of  some  drug  in  the  one  eye.  Both 
contract  even  if  the  one  eye  only  be  stimulated  by  light;  or  if  the  one  eye  be 
occluded  its  pupil  immediately  dilates,  causing  sympathetic  dilatation  of  the 
other  but  sometimes  to  a  lesser  extent.  Old  age  considerably  lessens  the 
pupillary  mobility,  which  is  perhaps  naturally  to  be  expected. 

The  pupillary  mobility  can  be  tested  by  turning  the  eyes  alternately 
towards  and  away  from  a  bright  light,  or  by  bringing  a  candle  fiame  in  front  of 
the  eyes,  Avhen  the  pupils  should  respond  equally  to  altered  illumination. 
The  contraction  and  dilatation  of  the  pupils  of  one  person  may  diil'er  quite 
considerably  from  that  of  another  in  varied  illuminations,  or  their  size  under 
given  conditions. 

The  beauty  of  eyes  is  enhanced  by  enlarged  pupils,  anyhow  up  to  ;i  certain 
extent.  That  is  why,  generally,  they  are  so  in  artificial  light,  and  it  is  for  this 
purpose  that  weak  solutions  of  atropine  have  been  used,  whence  the  name 
bella  doinia.  Coitainly  a  large  area  of  iris,  no  matter  its  coloration,  is  not 
of  agreeable  appearance. 
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It  may  be  observed  that  the  apparent  diameter  of  the  pupil  is  increased 
by  the  magnification  which  results  from  viewing  it  through  the  cornea. 

The  Pupil  and  Light  Divergence. — The  angle  of  divergence  of  light  entering 
the  eye  varies,  of  course,  inversely  with  the  distance  of  the  source  and  it 
further  varies  directly  with  the  size  of  the  pupil.  Let  S  be  the  angle  of  diver- 
gence, p  the  diameter  of  the  pupil,  and  d  the  distance  of  the  object.  Then 
tan  8/2:=p/2d  or,  approximately,  tan  6=^p/d. 

If  p  be  taken  as  3-5  mm.  and  c?  as  1  m.  we  have  tan  6=3-5/ lU00=-0035 
=  tan  12'.  Then  if  the  angular  divergence  of  light  from  an  object  at  1  m.  is 
12'  for  the  average  pupil,  that  from  any  other  distance  may  be  taken  as 
inversely  proportional;  thus  when  (Z=G  m.,  5=2'  ;  when  rf=20  cm.,  6=:1° 
and  so  on. 

Accommodation  and  Pupillary  Contraction. — Why  the  sphincter  iridis 
should  contract  in  near  vision,  more  than  sufficiently  to  overcome  dilata- 
tion caused  by  the  crystalline  advancement,  is  not  clear.  It  is  true  that 
more  light  enters  the  eye  from  the  same  object  when  near  than  when  it 
is  distant,  but  this  is  counteracted  to  a  great  extent  by  the  altered  size 
of  the  retinal  image.  Also,  while  spherical  aberration  might  be  increased 
owing  to  the  greater  dioptric  power  of  the  accommodated  eye,  it  is  doubtful 
if  this  is  really  so,  because  the  form  of  the  eye  is  rather  better  adapted 
for  divergent  light,  also  Tscherniug  shows  that  the  aberration  is  negative 
when  the  object  viewed  is  near  the  P.  P.  Assuming  this  to  be  the  case, 
we  may  draw  the  deduction  that  the  point  of  no  spherical  aberration  is 
somewhere  near  the  reading  distance,  as  judged  by  the  apparent  movement  of 
an  object  viewed  through  a  pinhole  disc. 

The  Visual  Purple  is  a  colouring  matter  first  discovered  by  Boll,  uf  Vienna, 
in  the  eyes  of  frogs.  It  exists  in  the  eyes  of  man  (and  many  animals)  being 
ijccreted  in  the  hexagonal  pigment  cell  layer  of  the  retina.  It  plays  an  impor- 
tant part  in  vision,  even  if  it  be  not  really  essential  for  sight.  By  some  it  is 
thought  to  be  the  means  of  converting  the  energy  of  incident  light  into  a  form 
which  the  bacillary  layer  of  the  retina  and  the  optic  nerve  can  communicate 
to  the  brain,  and  it  would,  in  this  case,  be  essential  to  vision.  This  view  seems 
to  be  strongly  confirmed,  as  has  been  pointed  out,  by  the  fact  that,  when 
retinal  detachment  occurs,  the  hexagonal  pigment  cell  layer  is  not  displaced 
and,  although  the  nutrition  of  the  retina  is  maintained,  anyhow  for  some  time, 
vision  is  entirely  lost  but  is  restored  so  soon  as  contact  is  re-established 
between  the  pigment  layer  and  the  rods  and  cones. 

Under  the  action  of  light  the  visual  purple  is  bleached  in  direct  proportion 
to  the  inteusity  of  the  former,  and  the  hexagonal  cells  send  out  processes  which 
pass  down  between  the  rods,  carrying  with  them  the  [)urple-brown  secretioji. 
In  darkness  the  processes  withdraw  and  leave  the  rods  free,  while  at  the  same 
time  the  visual  purple  accumulates.  The  purple  surrounds  the  rods  to  a 
greater  depth  than  the  cones,  and  none  is  found  at  the  fovea,  where  the  cones 
most  abound  and  the  rods  are  absent  and  Avhere  vision  is  most  acute.     Further. 
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we  know  that  the  fovea  is  less  sensitive  to  very  dim  light  thaA  tjie  immediately 
surrounding  portions  of  the  retina,  and  this  might  be  explained  on  the  theory 
that  the  purple  is  not  essential  to  vision  but  that  its  function  is  rather  to 
enable  one  to  see  under  varying  conditions  of  illumination  and  particularly 
in  a  dim  light,  if  one  goes  from  brilliant  sunlight  into  a  dimly  lighted  room, 
it  takes  some  little  time  before  one  can  see  anything,  but  gradually  objects 
become  more  and  more  clear.  The  explanation  given  is  that  in  bright  sun- 
light the  visual  purple  is  used  up  as  fast  as  it  is  formed,  so  that  an  amount 
which  M^ould  be  quite  suificient  to  enable  one  to  see  in  bright  sunshine,  is 
altogether  inadequate  to  see  in  a  dim  light.  An  opposite  condition  is  brought 
about  when  one  passes  from  darkness  to,  say,  sunlight,  in  which  circumstances 
vision  is,  at  first,  impossible  and  positively  painful ;  presently,  however,  the 
eyes  become  accustomed  to  the  new  conditions  and  vision  becomes  clear,  no 
doubt  owing  to  the  visual  purple  adaptation.  The  enormous  range  of  retinal 
adaptation  for  light  possessed  by  the  human  eye,  which  is  able  to  see  in  degrees 
of  illumination  varying  from  that  of  tropical  sunshine  to  that  of  a  starless 
night,  seems  to  require  something  beyond  that  which  is  afiorded  by  pupillary 
adjustment;  and  it  is  not  unreasonable  to  suppose  that  this  may  be  afforded 
by  the  visual  purple's  action  on  the  incident  light  or  that  of  the  light  on  the 
purple.  The  fact  that  some  people  see  relatively  worse  at  night,  or  in  a  dim 
light,  might  be  due  to  imperfect  action  of  this  secretion  rather  than  to 
dilatation  of  the  pupil. 

The  Macula  Lutea,  or  yellow  spot,  is  so  termed  because  after  death  it  is 
found  to  be  that  colour,  but  whether  it  is  actually  yellow  during  life  seems 
to  be  undecided. 

When  a  photograph  is  taken  on  a  plate  sensitive  to  the  whole  of  the  visible 
spectrum,  suppose  a  yellow  filter,  made  of  glass  or  of  dyed  gelatine,  is  placed 
in  the  path  of  the  rays  to  restrain  the  intense  actinic  action  of  the  blue-violet 
end  of  the  spectrum,  in  order  that  the  red,  orange  and  green  rays  may  have 
time  to  exert  their  action  on  the  sensitized  film.  According  to  Lindsay 
Johnson,  the  eye  possesses  a  similar  yellow  filter  consisting  of  an  exceedingly 
fine  plexus  of  capillary  vessels  which  lies  in  the  inner  feyers  of  the  retina,  and 
therefore  in  front  of  the  rods  and  cones,  but  at  the  yellow  spot  (fovea)  these 
capillaries  are  absent  and,  therefore,  nature  has  placed  there  a  yellow  pigment 
immediately  behind  the  rods  and  cones. 

Haidinger's  Tufts. — On  looking  at  a  bright  sky  through  a  Nicol  prism  or 
plate  of  tom'maline,  one  will  sometimes  see  a  pair  of  small  yellow  cones 
joined  end  to  end  like  an  hour-glass,  which  are  known  as  Haidinger's  tufts  or 
brushes;  at  right  angles  there  is  a  pale  blue  or  violet  colour.  Sometimes  the 
yellow  tufts  are  seen  and  sometimes  the  blue,  and  by  some  the  appearance  is 
described  as  a  cross  having  one  arm  yellow  and  the  other  blue.  The  major 
axis  of  the  tufts  turns  when  the  polarizer  is  rotated,  and  after  a  few  seconds 
the  tufts  vanish,  but  immediately  reappear  on  smartly  rotating  the  prism.  If 
a  deep  tubalt-blue  glass  be  held  before  the  prism,  the  tufts  appear  smaller 
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and  of  a  dark  reddish  tint,  due  to  the  absorption  of  tlio  yellow  rays  by  tlie 
blue  glass. 

Prof.  W.  F.  Barrett  has  shown  that  if  a  screen,  which  cuts  off  all  orange 
and  yellow  rays,  be  held  before  the  eye  while  looking  at  a  bright  white  surface, 
a  dark  reddish  patch  is  seen  in  the  blue  field  because  the  m«,&ula  lut-ea,  being 
yellow,  is  then  more  or  less  opaque  to  blue-green  light.  If  now  the  Nicol 
prism  is  placed  in  front  of  the  glass,  the  tufts  are  seen  in  the  position  of  the 
dark  patch,  showing  that  they  are,  in  some  way,  connected  with  the  macula. 
The  colour  of  the  tufts  is  probably  due  to  that  of  the  yelloAv  spot,  the  blue 
filling  of  the  concavities  being  the  result  of  complementary  contrast,  but 
some  uncertainty  exists  on  this  point  since  many  people  describe  the  tufts  as 
blue  or  purple  without  any  yellow  at  all.  Haidinger's  brushes  are  held  to 
prove  that  the  light  of  direct  vision  is  partially  polarized,  and  the  eye  capable 


Fig.  80. — Haidinger's  Tufts  as  seen. 
(From  the  original  photograph  by  Prof.  Barrett.) 

of  analyzing  polarized  light.  The  tufts  are  longest  when  the  plane  of  polariza- 
tion is  horizontal,  thus  showing  that  the  macula  has  a  longer  horizontal  than 
vertical  diameter.  The  cause  of  this  phenomenon  is  not  due  to  the  crystalline 
since  it  may  be  seen  by  an  eye  from  which  the  lens  has  been  removed. 

Scotomata. — A  scotoma  may  be  defined  as  a  gap  in  the  field  of  vision, 
and  is  jwsitive  if  seen  and  ne(/ati.re  if  not  seen. 

A  positive  scotoma  may  be  caused  by  an  opacity  in  the  substance  of  the 
vitreous  casting  on  the  retina  a  shadow,  which  is  projected  out  as  a  dark 
patch  in  the  visual  field.  A  small  hnemorrhage  lying  between  the  retina  and 
the  vitreous  may  produce  a  scotoma,  and  this  is  generally  red  at  first  owing 
to  the  other  C/olours  being  absorbed.  A  deposit  of  pigment  is  also  a  common 
source  and  gives  rise  to  a  black  scotoma,  which  is  readily  perceived  when  one 
looks  at  a  white  sheet  of  paper.   Musca)  volitantes  are  faint  positive  scotomata . 

Faint  negative  scotoma  may  he  caused  by  the  large  retinal  vessels  which 
are  not  quite  transparent.  Negative  scotomata  also  occur  in  disease,  especiall  v 
in  the  macular  area,  as  in  tobacco  amblyopia,  and  are  only  perceived  when 
white  or  certain  coloured  objects  are  looked  at.  Towards  the  peripherv  of 
the  field  all  colours  normally  disappear  in  turn,  green  first,  then  red,  yellow 
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and  lastly  blue,  so  that  everyone  has  pliysiological  negative  peripheral 
scotomata  for  colours. 

A  scotoma  is  determined  by  the  apj^lication  of  the  perimeter.  The  eye  is 
placed  in  the  centre  of  the  arc  and,  the  other  eye  being  occluded,  the  scotoma 
is  plotted  by  moving  the  test  disc  from  the  limit  point  to  zero,  and  noting 
where  it  disappears  and  where  it  again  comes  into  view.  This  being  done  in 
various  adjacent  meridians  and  the  limit  points  marked  on  a  chart  and 
connected,  a  complete  outline  of  a  scotoma  is  obtained.  It  must,  however, 
be  remembered  that  there  is  a  physiological  scotoma  due  to  the  blind  spot. 
The  centre  of  the  latter  lies  in  the  eye  about  15°  from  and  5°  above  the  fovea; 
it  is  therefore  some  15°  out  and  5°  down  on  the  temporal  side  of  the  projected 
field.  A  scotoma  can  be  plotted  also  in  the  manner  indicated  for  the  optic 
disc. 

The  Blind  Spot. — The  projection  of  the  blind  spot  is  not  noticed  in  the 
field  of  view  for  the  simple  reason  that  the  optic  disc  is  altogether  insensitive 
to  stimulation  and  cannot,  therefore,  appreciate  either  the  presence  or 
absence  of  light.  The  mind  unconsciously  fills  in  the  gap  with  colour 
or  whatever  else  happens  to  occupy  the  surrounding  portions  of  the  retina. 
Thus  if  one  looks  at  the  sky  with  one  eye  there  is  no  appreciable  break 
in  the  field  of  vision,  and  it  is  only  in  special  circumstances,  as  in  Mariotte's 
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Fig.  81.— The  Blind  Spot  or  Mariotte's  Test. 

experiment,  that  the  presence  of  the  blind  spot  can  be  demonstrated.  Even 
were  the  gaps  appreciated  as  scotomata  they  would  hardly  be  noticed  in 
binocular  vision,  for  then  the  two  fields  overlap,  so  that  the  right  eye  would 
see  the  portion  left  blank  by  the  projection  of  the  left  disc  and  vice  versa. 

Mariotte's  Test.^ — Let  the  left  eye  be  closed  and  the  right  directed  towards 
the  cross  (Fig.  81)  held  in  the  axis  of  vision.  If  now  the  page  be  slowly  with- 
drawn or  approached  towards  the  eye,  a  position  will  be  found  at  which  the 
round  spot  becomes  invisible ;  on  withdrawing  or  approaching  the  page  from 
this  position  it  again  comes  into  view,  and  by  looking  to  the  right  or  left  of, 
or  above  or  below,  the  cross  the  same  result  can  be  obtained.  In  this  way  the 
area  of  the  blind  spot  can  be  mapped  out  on  paper  and  its  exact  size  calculated ; 
such  measurements  show  it  to  be  about  2-25  mm.  in  the  horizontal  and  a  little 
more  in  the  vertical. 

Plotting  the  Disc  and  Macula. — It  is  instructive  and  interesting  actually  to 
locate,  by  projection,  the  position  of  one's  own  disc  relative  to  the  macula  and 
posterior  pole. 

To  do  this  place  the  eye,  say  the  left,  a  certain  fixed  distance,  e.g.  10", 
above  a  sheet  of  paper,  the  other  eye  being  closed  or  occluded.     On  the  paper 
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mark  a  dot  M,  and  through  M  draw  a  horizontal  straight  line  (Fig.  82) ;  now 
take  a  pencil  and,  carefully  fixing  its  point,  cause  the  eye  to  travel  slowly 
inwards  away  from  M  by  moving  the  pencil  to  the  right  along  the  line.  At  a 
certain  point  A,  M  will  disappear,  showing  that  its  image  has  reached  the 
temporal  side  of  the  disc,  where  the  sensitivity  is  nil.  Continue  the  move- 
ment of  the  pencil  until  the  dot  M  reappears,  when  the  pencil  has  reached 
the  spot  B.  AB  then  represents  the  lateral  diameter  of  the  disc,  on  a 
horizontal  drawn  through  tlie  macula.  In  the  same  way,  by  moving  the  pencil 
upwards  and  downwards  on  a  line  bisecting  AB,  the  upper  and  lower  extrem- 
ities C  and  D  of  the  disc  will  be  located,  and  a  rough  ellipse  described  through 
the  four  points  will  represent  the  approximate  shape  of  the  blind  spot. 


? 

n         p 


Fig.  82. 

From  actual  measurement  it  is  easy  to  calculate  the  distances  between 
the  macula,  posterior  pole  P,  and  the  disc  for  any  given  eye.  For  example, 
we  know  that  3IP  represents  1-25  mm.  or  the  distance  between  fovea  and  jjole, 
if  we  assume  that  MP  subtends  an  angle  of  5°  at  the  nodal  point,  i.e.  that 
angle  alpha  is  5°.  Further,  by  measuringP^,  it  is  a  matter  of  simple  propor- 
tion to  find  the  length  between  the  pole  and  edge  of  disc  in  the  eye  to  which 
PA  corresponds.  Thus  supposing  the  experiment  were  made  at  10"  or  250  mm. 
we  have — 

d  :  PA   :  :  15  :  250 

where  d  is  the  actual  distance  from  pole  to  disc  required,  and  15  the  distance 
in  nmi.  of  the  nodal  point  to  retina,  whence — 

,    PAxl5 

250 

If  PA  be 40  mm.,  r/isthen  2-5  mm.,  approx.,  which  is  about  the  value  found 
in  practice. 

It  will  be  noticed  that  the  horizontal  line  passing  through  M  cuts  the  disc 
near  the  lower  edge,  proving  that  the  macula  is  below  the  centre  of  the  disc ; 
thus  the  maximum  width  of  the  latter  is  not  represented  by  AB.  Assuming 
the  centre  of  the  disc  to  be  level  with  the  posterior  pole,  the  true  position  of  P 
would  be  in  the  neighbourhood  of  P',  althougli  for  practical  purposes  we 
assume  that  the  macuhi,  posterior  jjole  and  centre  of  disc  are  all  on  the  same 
horizontal  line. 
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The  method  of  sketching  indicated  is  easy  and  convenient,  in  that  it  gives 
an  upright  rejjresentation  instead  of  an  inverted  one ;  the  latter  is  obtained 
by  fixing  the  j^oint  M  and  moving  the  pencil  about  to  locate,  as  in  the  perimeter, 
the  confines  of  the  disc.  This,  however,  is  not  so  accurate  unless  a  small 
object,  such  as  the  head  of  a  large  pin.  be  substituted  for  the  pencil. 

Effects  of  Variations  in  the  Refractive  Indices  of  the  Eye.— Lessened  power 
or  refractive  H.  results  from  increase  of  the  refractive  index  of  the  cornea, 
cortex  of  the  lens  or  of  the  vitreous,  "w.  uf  Lhe  UUrnUa  j^d^^Tftt«45^ ;  whereas 
increased  power  or  refractive  IM.  results  from  increase  in  the  index  of  the 
aqueous,  or  of  the  nucleus  of  the  lens.  A  decrease  in  the  various  refractive 
indices  above  mentioned  would  cause  the  opposite  conditions.  Such  results 
are  easily  deduced  if  one  remembers  that  the  greater  the  difference  in  the  ^'s 
of  two  adjacent  media  the  more  marked  is  the  refraction  that  occurs  and 
vice  versa. 

Notes  on  Changed  Conditions  of  the  Eye. — If  the  crystalline  lens  were  in  air 
its  focal  length  would  be  as  follows.     Treating  it  as  if  it  were  thin, 

rr  10X6 

F=^  ■- =  8-3  mm. 

(10+6)  (145-1) 

Thus  its  power  would  be  120  D.  or  some  5  times  as  great  as  it  is  in  the  eye. 
Conversely  such  a  lens  of  120  D.  in  air  becomes  when  in  a  medium  of  ^a=l-3o 

„^120  X  (^,  - 1)  _120  X  -OST^og 
fi-l  45 

These  figures  are  approximate. 

Were  the  aqueous  absent,  and  the  two  surfaces  of  the  cornea  presumed 
to  neutralize  each  other- -r.e.  if  light  were  incident  from  air  to  the  front  of  the 
crystalline,  the  posterior  focal  length  of  the  eye  would  be  about  21  mm.,  and 
the  anterior  about  16  mm. 

Thus,  removal  of  the  cornea  and  aqueous  would  not  materially  affect  the 
refractive  power  of  the  dioptric  system,  but  the  principal  and  nodal  points 
would  lie  much  nearer  to  the  retina,  and  the  eye  would  be  consequently 
highly  hypermetropic.  In  this  case  the  first  medium,  from  which  the  light 
comes,  has  u=l,  and  the  refraction  is  produced  at  the  anterior  surface  of  the 
crystalline  and  anterior  surface  of  the  vitreous.  The  second  equivalent  point 
lies  some  2-37  mm.  in  front  of  the  latter  so  that  the  retina  is  some  3-7  mm. 
nearer  than  the  posterior  focal  distance. 

The  Eye  in  Water.^ — If  the  eye  be  immersed  in  water,  it  is  highly  hyper- 
metropic to  the  extent  of  about  22  D.  In  this  case  the  first  medium,  which 
is  water,  has  ^=1-33.  and  since  the  ^  of  the  cornea  and  aqueous  is  iiractically 
the  same,  the  refracting  power  of  the  cornea  vanishes  and  we  have  the 
crystalline  only  as  the  refracting  body.  Comparing  it  with  the  condition 
mentioned  in  the  last  paragraph,  we  have  F,  and  F,,  of  about  44  mm.,  so  that 
the  retina  is  some  27  mm.  nearer  than  the  posterior  focal  distance. 
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If  we  take  F  of  the  Crys.  as  60  mm.  and  treating  it  as  a  lens  whose  optical 
centre  lies  18  mm.  in  advance  of  the  retina,  we  obtain  the  far  point  of  the  eye 
from— 

^18-60^~       "^^'  (^Pl^^'°^) 

or  the  eye  is  il.  40  D.  If  the  correcting  lens  be  placed  20  mm.  in  advance 
of  the  refracting  plane  or  optical  centre  of  the  crystalline,  its  focal  length 
would  be  25+20=45  mm.,  corresponding  to  a  power  of  22  D.  The  lens 
would  preferably  be  a  bi-Cc.  air  lens,  which  has  the  same  effect  as  two  water 
surfaces  convex  to  each  other.     Its  radius  of  curvature  is  obtained  from — 

l-33r 
45  =A,,     i.o.^N     whence  r  =-22-5  mm. 

If  the  water  be  salt  and  therefore  of  slightly  higher  ^,  the  focal  length  of 
the  lens  is  shortened  or  its  dioptric  power  increased.  On  the  other  hand, 
the  power  of  the  eye  is  decreased,  since  the  cornea  would  act  as  a  weak  negative 
lens, if  the  medium,  in  contact  with  it,  be  of  higher  fi.  Consequently  the 
same  lens  would  serve  for  either  fresh  or  salt  water,  if  placed  at  a  suitable 
distance  in  front  of  the  eye.  If,  however,  a  diver  uses  a  helmet  having  flat 
glasses,  he  sees  the  same  as  if  he  were  in  air  and  looking  into  a  tank  of  water. 

If  an  eye  is  in  water  and  looks  out  into  air,  the  whole  field  of  180*^  is 
crowded  into  an  irregular  space  equal  to  twice  the  critical  angle  of  water,  or 
about  97°.  In  addition  those  portions  of  the  field  seen  almost  normally  to 
the  surface  appear  more  distant  by  an  amount  equal  to  about  t/o,  where  t  is 
the  real  height  of  the  object  above  the  water.  Objects  in  the  water  and  those 
on  the  bottom  are  seen  in  their  true  positions  but  very  indistinctly  of  course. 

Visual  Phenomena. 

Continued  Retinal  Impression. — The  retinal  stimulus  caused  by  the  im- 
pingement of  light  lasts  for  a  certain  time  before  the  effect  passes  away, 
and  the  sensation  of  vision  has  been  divided  into  (a)  an  initial  period,  (6)  a 
period  of  increase  to  the  maximum,  (c)  a  period  of  persistence  of  sensation 
with  gradual  decline,  {d)  a  period  of  rapid  fall  and  obliteration  of  the  sensation. 
These  periods  combine  to  form  a  single  impression  which  is  of  definite  duration. 
For  example  if  a  small  luminous  body  moves  with  great  rapidity  the  stimuli 
at  every  point  of  the  retina,  on  which  its  image  is  formed,  follow  each  other 
with  such  celerity  that  the  impressions  previously  excited  have  not  had  time 
to  cease  before  the  succeeding  ones  are  caused,  and  the  consequence  is  the 
mental  impression  of  a  streak  of  light.  This  is  illustrated  by  a  falling  meteor, 
by  lightning,  or  by  the  sensation  of  continuous  motion  as  seen  projected  by  the 
bioscope.  Further,  the  experiment  of  rotating  colour  discs,  mentioned  in 
Chapter  IV.,  is  another  illustration  of  the  ])ersistence  of  visual  sensations,  the 
effect  in  this  case  being  to  prodiU(>  tlie  sen.sation  of  white  by  the  admixture  of 
all  the  .spectrum  colours  on  the  retina. 
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The  initial  period  must  be  sufficiently  long,  otherwise  no  retinal  impression 
might  result;  thus  we  cannot  follow  the  flight  of  a  bullet,  nor  can  we  see  the 
name  of  a  station  from  an  express  train  passing  through  it.  Brightness  can, 
however,  compensate  for  brevity  of  the  initial  period,  so  that  while  the  bullet 
cannot  be  seen,  a  shooting  star  or  lightning  can  be.  Retinal  stimuli  which 
are  too  rapid  fail  to  cause  a  definite  impression  although  they  might  cause 
a  blurred  or  indefinite  one  ;  for  instance  the  leg  movements  of  a  galloping 
horse  cannot  be  followed,  those  of  a  walking  horse  can. 

Visual  Fatigue. — Visual  fatigue  results  if  a  retinal  impression  be  long 
continued.  In  ordinary  circumstances  visual  fatigue  is  not  noticed;  the 
retina  is  refreshed  by  the  gaze  being  constantly  turned  from  one  object 
to  another,  so  that  a  new  impression  is  made  on  that  part  of  the  retina 
previously  occupied  by  some  other  image.  Also  some  degree  of  rest  is 
obtained  for  the  retina  by  frequent  blinking;  the  pupil  being  covered  by  the 
lid,  the  light  is  thus  excluded  for  the  mojuent. 

Visual  or  retinal  fatigue  lowers,  temj)orarily,  the  visual  acuity;  if  one  gazes 
fixedly  at  an  object  it  will,  after  a  time,  be  seen  badly,  if  at  all.  A  micro- 
scopist  or  astronotner,  if  he  wishes  to  resolve  fine  details,  such  as  diatoms  or 
double  stars,  will  be  much  more  likely  to  succeed  if  he  closes  his  eyes  for  a 
short  time  before  looking  into  the  instrument.  He  will  notice  further,  that 
after  intently  gazing  through  the  eye-piece  for  several  niinutes,  very  fine 
details  become  blurred,  but  the  sharpness  can  always  be  recovered  by  an 
interval  of  rest.  A  spectrum  blue  disc,  under  the  stage  of  the  microscope, 
often  prevents  muscse  and  greatly  relieves  fatigue. 

When  a  person  ])asses  from  a  bright  into  a  dull  light,  nothing  is  clearly 
distinguished  for  a  short  time,  and  the  inability  to  see  in  such  circumstances 
may  be  so  great  as  to  cause  a  momentary  blindness.  This  is  partly  due  to 
exhaustion  of  nervous  energy  by  excessive  previous  stimulus  and  the  exist- 
ing absence  of  a  sufficiently  great  stimulus. 

During  sleej)  the  retinal  function  is  for  some  hours  entirely  inactive, 
and  it  is  jjrobably  then  that  the  visual  nervous  enei-gy  is  stored  up.  Sleep 
is  thus  the  preserver  and  restorer  of  the  retinal  function,  a  fact  that  is  shown 
by  the  weakened  condition  of  the  sight  of  those  who,  for  some  reason,  have 
been  deprived  of  their  usual  quantity  of  repose.  The  lids  not  being  quite 
opaque,  sleep  is  more  refreshing  when  the  room  is  in  total  darkness;  the 
brighter  the  light,  the  less  true  rest  do  th(^  eyes  obtain. 

Demonstration  of  Retinal  Fatigue.  Retinal  fatigue  can  he  demonstrated 
by  the  following  simple  experiments:  Cover  half  a  sheet  of  white  paper 
with  black  velvet  and  look  at  the  centre  so  that  one  part  of  the  retina  is 
sti'ongly  slimulated  wliile  the  other  part  is  at  rest.  As  soon  as  the  eye  begins 
to  get  tired,  remove  the  velvet,  and  the  part  of  the  paper  pre\'ionsly  covered 
will  appear  ve)y  vivid  ;ind  bright,  while  the  part  which  was  |)reviousl\ 
uncovered  will  be  dull  or  grey  by  contrast.  Another  experiment,  which 
shows  how  the  functional  activity  of  the  retina  is  temporarily  diminished 
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by  continued  use,  is  to  put  in  front  of  one  eye  a  dark  smoked  glass  for  some 
minutes,  wlien,  on  its  removal,  the  difference  in  the  intensity  of  the  impressions 
received  by  that  and  by  the  other  eye  is  quite  marked. 

After-images. — The  altered  action  oi  the  retina  nnder  fatigue,  due  to 
over-stimulation,  produces  after-iiiiaqes.  In  the  experiment  with  velvet 
previously  mentioned,  the  dark  gi-cy  is  the  after-image  of  the  original  bright 
white,  and  the  bright  white  is  tlie  after-image  of  the  original  black.  If  a 
person  looks  at  a  white  spot  on  a  black  background,  until  the  eyes  are  fatigued, 
and  then  turns  his  eyes  to  a  sheet  of  grey  paper,  he  will  very  shortly  see  a 
dark  spot  on  a  white  background,  this  being  the  after-image  of  the  original 
white  spot  on  a  black  background. 

Saturation  of  the  retina  by  a  certain  colour  produces  an  after-image  of  its 
complement.  Thus  if  a  red  spot  is  looked  at  the  after-image  is  blue-green; 
if  the  spot  is  blue-green,  the  after-image  is  red  provided  the  gaze  be  turned 
to  a  fairly  bright  white  or  grey  surface.  The'  colours  thus  seen  are  very 
vivid  and  pure,  and  convey  the  idea  of  complementary  colours  far  better  than 
any  illustration  with  pigments.  After-images  consisting  of  colours  com- 
plementary to  the  original  are  negative  and  due  to  retinal  exhaustion.  Such 
an  after-image  may  not,  however,  be  of  the  complementary  colour,  if  the 
background,  on  which  it  is  seen,  be  coloured.  Negative  after-images  can  also 
be  produced  by  looking  at  a  black  ground  or  by  closing  the  eyes.  Thus  it 
would  seem  that,  whether  a  negative  after-image  or  a  positive  one — described 
in  the  next  paragraph — results  depends  solely  on  the  intensity  of  the  original 
stimulation.  To  produce  a  good  after-image  of  a  colour  this  should  be  viewed 
until  the  colour  appears  to  fade  or  change. 

If  one  looks  fixedly  at  a  bright  light,  such  as  the  filament  of  a  glow-lamp, 
and  then  the  eyes  be  shut,  an  after-image  which  is  the  same  colour  as  the 
original,  but  of  diminished  brightness,  will  be  seen.  This  is  a  jjositive  after- 
image caused  by  the  continuation  of  the  original  retinal  stimulation,  and  it 
changes  later  on  to  a  negative  after-image  which  passes  through  many  of  the 
spectrum  colours  before  it  disappears.  A  bright  electric  light,  if  unshaded, 
causes  so  strong  a  positive  after-image  that  temporary  inability  to  use  the 
eyes  results  in  consequence  of  fixedly  gazing  at  it.  Looking  at  the  sun  with 
the  naked  eye,  or  through  an  unprotected  telescope,  is  very  dangerous  to 
vision  since  it  may  produce  an  after-image  which  may  last  for  a  considerable 
time,  or  even  cause  a  permanent  partial  scotoma  at  the  macula.  In  this 
latter  case  there  is  an  actual  structural  change  in  the  retina  analogous  to  a 
burn.  If  the  sun  be  looked  at  when  on  the  horizon,  a  strong  dark  blue  after- 
image may  be  seen  for  quite  a  considerable  time  a]>pcaring  and  disappearing 
at  intervals. 

Recurrent  Vision. — If  in  a  dark  room  an  instantaneous  flash  of  light' 
such  as  a  spark  from  a  coil,  be  seen,  the  original  image,  after  dying  away,  is 
quickly  replaced  by  a  second  positive  image  and  sometimes  by  two  or  three 
others.     The  first  recurrent  image  is  often  very  bright  and  takes  about  1/1  of 
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a  second  to  form,  but  those  following  are  progressively  fainter.  Similar 
})henomena  can  be  ^iroduced  if  the  eyes  be  covered  by  the  hand  for  a  minute 
or  so  and  then  uncovered,  for  tlie  briefest  possible  time,  to  see  a  bright  object 
such  as  an  electric  lamp  or  window,  but  best  of  all  is  to  use  an  ordinary 
camera  shutter,  such  as  the  roller  blind,  working  at  moderate  speed.  When 
this  is  held  before  the  eye  and  released  to  expose  a  bright  landscape  the 
recurrent  image  is  very  distinct.  Recurrent  images  are  momentary  positive 
after-images  whose  colours  correspond  to  those  of  the  object,  followed  later 
by  the  more  persistent  negative  after-images  which  are  of  different  and 
varying  colours. 

Entoptic  Phenomena.  -Certain  structures  iu  tlic  lens,  vitieous  or  j'ctina, 
can  be  rendered  visible  to  the  eye  itself,  and  such  vision  is  known  as  an 
entoptic  'phenomenon.  Thus,  opacities  and  normal  strii^e  in  the  crystalline  lens. 
and  those  due  to  cataract,  can  be  seen  by  looking  at  a  white  cloud  through 
a  pinhole  disc,  for  when  the  latter  is  at  the  anterior  focus  of  the  eye,  the 
light  in  the  vitreous  is  in  the  form  of  a  parallel  beam  whose  diameter  is  that 
of  the  pupil,  and  any  obstruction  in  the  eye  causes  a  shadow  to  be  situated 
on  the  retina.  In  the  same  way  semi-transparent  cells  and  bodies  floating 
in  the  vitreous  can  be  seen.  An  opaque  obstruction  causes  a  complete 
shadow  and  if  transparent  or  nearly  so,  but  of  different  refractive  index 
to  the  surrounding  parts,  the  light  traversing  it  is  more  or  less  refracted, 
thus  giving  rise  to  a  luminous  area  with  a  dark  border,  or  a  dark  area  with 
a  luminous  border. 

Muscse  Volitantes  consist  of  semi-transparent  colourless  cells,  often 
joined  together  like  a  row  of  j^earls,  or  of  irregular  ill-defined  threads,  which 
are  susj)ended  in  the  vitreous.  These  cast  shadows  on  the  retina  and  may 
be  noticed  on  looking  directly  at  a  white  ceiling,  but  better  through  a  pinhole 
and  still  better  on  looking  at  a  brilliantly  illuminated  white  surface  such  as  a 
white  cloud  or  the  blank  field  of  a  microscope.  Sometimes  these  muscse  arc 
projected  as  black  specks,  or  threads,  which  are  fixed  in  position,  and  are  then 
often  very  annoying;  myopes  are  especially  liable  to  be  affected  by  them. 
Unless  very  numerous,  however,  they  need  not  give  rise  to  anxiety,  and  they 
cease  to  be  noticed  if  attention  is  diverted  from  them  and  the  health  braced  up. 
The  movements  of  these  specks,  etc.,  naturally  coincide  with  those  of  the 
eye  itself;  hence  the  name  given  to  the  j)henomenon. 

Corpuscula  are  colourless  nearly  transparent  specks  which,  if  one  looks 
steadily  at  the  sk-y  through  a  pinhole,  can  be  seen  flitting  about  with  great 
rapidity  and  transversing  every  part  of  the  field  excepting  the  macular  area. 
Sonietimes  they  can  be  seen  to  follow  the  same  track,  which  may  be  in  a  curve, 
and  it  is  probable  that  they  are  caused  by  the  white  blood  corpuscles  being 
can-ied  through  the  capillaries  in  the  middle  /.ojie  of  the  retina,  thus  giving 
rise  to  shadow  images.  They  geiierally  appear  elongated  and  not  spherical 
on  account  of  their  rajud  motion. 
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Other  Entoptic  Phenomena. — On  winking  oi-  rubbing  the  eye  disturli- 
anec  of  tJie  coiiioa  and  lachrymal  moisture  causes  strife  or  specks  to  be  seen. 
If  the  pinhole  be  slowly  moved  to  and  fro  a  finely  granulated,  striafed  ground 
may  be  noticed,  ^hile  if  it  be  moved  rapidly  with  a  circular  or  lateral  motion, 
the  field  will  be  seen  filled  with  a  dark  network  of  lines  somewhat  resembling 
the  branches  of  a  tree,  in  the  centre  of  which  a  dark  spot  w^ill  be  seen  from 
which  the  lines  are  absent.  A  similar  but  much  more  striking  effect  is  produced 
when,  in  a  darkroom,  alighted  candle  is  waved  about  close  to,  and  just  below, 
the  line  of  vision.  This  phenomenon  is  due  to  the  projected  shadow  images 
(Purkinje's)  of  the  retinal  vessels  on  to  the  receptive  la3^er  behind  them,  and 
is  a  picture  of  the  observer's  retinal  bloodvessels  on  an  apjjarently  dark  brown 
background.  As  a  rule  both  the  macula  and  the  fovea  can  be  seen  surrounded 
by  fine  capillary  loops,  none  of  which  are  visible  inside  the  macular  area. 
With  care  and  under  favourable  circumstances  the  retinal  field  may  be  traced 
to  a  considerable  distance  towards  the  periphery. 

Another  experiment,  giving  more  or  less  the  same  result,  is  to  turn  the  eye 
inwards  and  then  concentrate,  by  means  of  a  condenser,  the  light  of  a  lamp  on 
to  the  sclerotic  as  far  back  as  possible.  In  this  case  the  centre  of  the  projected 
field  appears  dark  blue  and  concentric  waves  flow  inwards  from  all  sides 
towards  the  centre.  This  flowing  into  the  macula  from  surrounding  parts 
also  occurs  when  gazing  fixedly  at  a  spot  in  the  sky. 

Various  more  or  less  uniform  luminous  entoptic  phenomena  can  be  caused 
by  the  pressure  of  the  lids  on  the  eye,  by  movements  of  the  eye,  by  gently 
rubbing  the  closed  eye,  by  accommodation,  or  indeed  by  anything  which 
causes  slight  stimulation  of  the  retina  either  by  mechanical  or  increased  blood- 
pressure.  If  the  eye  be  closed,  turned  inwards  as  much  as  possible,  and 
gently  j^ressed  by  a  j)encil  at  a  point  near  the  outer  canthus,  a  luminous 
impression,  called  a  2>^osi)hene,  is  produced  and  projected  to  the  opposite  side 
of  the  eye.  Finally,  if  the  latter  be  closed  or  open  in  an  absolutely  dark  room, 
the  field  appears  to  be  filled  with  a  dark  grey  mottling  doubtless  due  to  blood- 
pressure  and  circulation  in  the  retina,  although  by  some  it  is  ascribed  to 
phosphorescence. 

Some  Peculiarities  of  Vision. — A  white  object  appears  larger  than  a  black 
one,  of  similar  size,  owing  to  halation  or  spreading  of  the  image  of  the  white, 
and  it  is  more  marked  as  the  light  is  bright.  The  colours  seen  around  arti- 
ficial lights  in  a  hazy  atmosphere  are  due  to  dispersion  of  light  by  the 
molecules  of  moisture,  and  not  to  any  peculiarity  of  vision. 

A  star  or  planet  is  seen  stellated,  whereas  theoretically  it  should  be  seen  as 
a  point.  The  stellation  is  supposed  to  be  due  to  the  formation  of  the  crystalline. 
A  star  twinkles  or  disappears  and  reappears  at  rapid  intervals  and  in  this  it 
differs  from  a  planet;  the  cause  of  the  twinkling  is  the  atmosphere.  A  planet 
seen  through  a  telescoj^e  has  a  definite  size  but  n  star  is  always  seen  as  a  point 
although  it  then  appears  brighter.  Bright  light s  at  night,  a pjtarently  tlirow  out 
streamers  of  light ;  they  may  be  fairly  broad  and  of  considerable  length.  They 
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are  probably  caused  by  reflection  of  the  light,  from  the  moist  margins  of  the 
lids,  into  the  eyes. 

Some  Peculiarities  of  Ametropic  Vision. — Myopes  of  high  degree  iiuiy 
sec  a  star,  or  point  of  light,  as  a  rosette,  there  being  multiple  images  cluster- 
ing around  a  centre,  the  outer  ones  merging  into  the  central  image  when  the 
M.  is  corrected.  Also  a  myope,  who  has  good  vision  when  corrected,  may  see 
or  count  the  fine  white  lines  on  an  astigmatic  dial  without  any  lenses,  although 
with  V.  below  6/60.  The  images  of  these  lines  formed  in  the  vitreous  are 
parallel  to  those  of  the  chart,  and  from  them  the  light  diverges  to  form,  on 
the  retina,  bands  which  overlap  each  other.  This  overlapping  produces  thin 
lines  of  greatest  concentration  of  light,  which  are  apparently  the  images  of 
the  actual  lines,  but  they  do  not  correspond  in  number  to  those  of  the  chart. 

An  eye  out  of  focus  often  sees  Snellen's  type  doubled,  the  second  images 
resembling  a  shadow  of  the  other.  This  is  more  frequent  and  marked  where 
there  is  a  low  degree  of  astigmatism,  and  it  seems  to  be  most  common  when 
one  focal  line  is  at,  or  near,  the  retina  and  the  other  in  front.  As  mentioned 
in  Chapter  VIII.,  an  astigmat,  when  nearly  corrected,  often  sees  the  lines  on 
a  chart  bordered  with  various  colours. 

A  person  having  principal  meridians,  say,  vertical  and  horizontal,  some- 
times states  that  with  his  correcting  lenses  the  vertical  and  horizontal  bars 
of  an  astigmatic  chart  are  perfectly  and  equally  clear,  but  that  intermediate 
ones  at  1:5°  and  135°  are  less  clearly  defined  and  greyish  in  appearance.  The 
explanation  of  this  peculiarity  is  difficult  to  find  but  probably  lies  in  the 
shape  of  the  minute  confusion  discs  at  the  retina,  they  being  not* circular.  In 
addition  the  eil'ects  of  coma,  etc.,  may  enhance  the  appearance,  but  cases  of 
this  type  are  rare  and  may  be  attributed  to  personal  peculiarities  on  the  part  of 
the  subject. 

Ocular  Rivalry.  As  a  rule  one  eye  or  the  other  is  the  master  or  yuiding  eye, 
which  views  an  object  when  it  is  impossible  for  it  to  be  seen  simultaneously 
by  both  eyes.  In  some  cases  either  eye  might  be  the  master  at  any  given 
nioment  and  this  is  the  more  likely  to  occur  when  the  two  are  of  quite  equal 
visual  powers.  One  can  learn  which  is  his  master  eye  by  looking  at  an  object, 
through  a  fair-sized  ring  held  in  the  median  plane,  and  then  successively 
closing  one  and  the  other  eye.  It  will  be  found  that  only  the  one  eye  had 
been  fixing,  and  if  the  experiment  be  repeated  it  might  always  be  the  same 
eye  or  not.  When  using  the  retinoscope  or  ophthalmoscope  one  has  to  make 
certaiii  that  it  is  the  eye  behind  the  mirror  that  is  seeing  the  observed  eye 
before  the  fundus  reflex  becomes  visible. 

AVhen  the  one  eye  has  better  vision  than  the  other  that,  of  course,  becon\cs 
the  master  eye,  and  it  will  be  the  other  which  deviates  if  there  is  a  squint  or 
whose  image  is  suppressed  if  in  anisometropia  it  is  sufficiently  different  in  size 
to  cause  confusion.  With  many  people  the  general  brightness  of  the  field  of 
the  one  eye  difiers  appreciably  from  that  of  the  other.  This  is  seen  if,  on 
looking  at  a  sheet  of  white  paper,  each  eye  is  alternately  occluded. 
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If  two  glasses  of  complementary  colour,  as  red  and  green,  be  placed  the 
one  in  front  of  each  eye,  and  a  flame  or  white  object  be  viewed  it  will  appear 
alternately  red  and  green,  the  one  or  other  mental  image  being  suppressed. 
Sometimes,  however,  they  are  combined  and  the  resultant  colour  is  a  modified 
white. 

Defects  of  the  Normal  Eye. 

The  normal  eye,  as  it  is  generally  understood,  suffers  from  a  variety  of 
minor  defects  but,  in  comparison  with  the  wonderful  efficiency  of  that  organ 
as  a  whole,  these  are  rarely  noticeable  except  under  special  conditions.  Of 
course  "  defects  "  in  this  condition  must  be  understood  to  exclude  the 
ordinary  errors  of  refraction  such  as  H.,  M.,  As.,  etc.,  and  to  embrace  only 
those  inseparable  from  the  general  arrangeTuent  oE  the  eye  considered  as  an 
optical  instrument. 

The  defects  of  normal  vision  may  be  considered  to  nrise  from  physical, 
physiological  or  jjsychical  causes — the  first  being  due  to  errors  of  design 
or  structure,  the  second  to  errors  of  reception  and  transmission  and  the  third 
to  errors  of  mental  interpretation  or  projection.  AVheu  we  cannot  account 
for,  what  may  be  called  optical,  illusions  by  defects  of  the  eye  itself,  we  assign 
the  cause  to  erroneous  mental  interpretation. 

Considered  purely  from  an  optical  point  of  view  the  eye  has  been  said  to  be, 
at  the  same  time,  the  most  wonderful  02)tical  instrument  and  the  worst.  In 
general,  the  refracting  surfaces  are  not  spherically  curved,  they  are  not 
centred  and  the  various  axes  are  oblique  with  respect  to  each  other.  The 
media  are  not  homogeneous  and  depart  more  or  less  from  transparency,  while 
the  whole  dioptric  system  is  neither  achromatic,  stigmatic  nor  rectilinear  in 
the  delineation  of  the  image.  Probably  it  is  the  case  tliat  under  tlie  most 
favourable  conditions  there  is  never  obtained  a  retinal  image  so  perfectly 
formed  as  is  that  obtained  with  even  a  moderately  well  corrected  lens  of 
the  same  power. 

The  Cornea. — The  cornea,  in  conjunction  with  the  aqueous  humour 
with  which  it  forms  a  single  surface,  is  the  chief  refracting  body  of  the  eye. 
Normally  its  transparency  is  very  high,  its  surface  poHsh  excellent  and, 
within  certain  limits,  its  efficiency  in  image  formation  equal  to  that  of  any 
artificial  surface  of  the  same  power.  The  outer  surface  of  the  cornea  (we  may 
ignore  the  inner  surface  as  being  neutralized  by  the  aqueous)  is,  however, 
spherical  only  over  a  certain  area  around  the  apex,  the  curvatm-e  falling 
away  rapidly  towards  the  scleral  margin  where,  in  addition,  a  considerable 
degree  of  irregularity  occurs.  As  a  whole,  the  contour  of  tiu;  cornea  may 
be  taken  as  similar  to  a  hyperboloid  of  revolution  the  apex  of  which  is  re- 
placed by  a  spherical  cap  some  3  or  4  mm.  in  diameter  so  that,  except  in 
great  dilatation  of  the  pupil,  this  portion  only  is  effective  in  the  formation 
of  the  image.  The  geometrical  axis  of  the  ('orneal  surface  is  almost  invariably 
oblique  to  the  line  of  vision  or  visual  axis,  the  latter  passing  out  about  5'  on 
the  inner  side  and  3°  above  the  apex  of  the  cornea.  Since,  however,  the  mean 
centre  of  curvature  lies  close  to  the  united  nodal  point  of  the  eye  the  aberra- 


284  VISUAL  OPTICS  AND  SIGHT  TESTING 

tion  of  the  cornea  in  relation  to  the  visual  axis  is  of  no  great  consequence. 
The  aqueous  humour,  or  second  medium,  is  perhaps  the  most  transparent 
portion  of  the  eye,  since  its  composition  is  mainly  water  with  a  small  per- 
centage of  saline  material  in  suspension. 

The  Crystalline  Lens  does  not,  as  to  actual  curvature,  depart  much  from 
the  spherical,  although  during  accommodation  Tscherning  asserts  that  the 
general  contour  is  hyperbolic,  and  as  a  refracting  medium  it  is  not  homo- 
geneous, the  density  and  refractive  index  decreasing  from  the  nucleus  out- 
wards. As  before  described,  the  crystalline  may  be  regarded  as  a  strong 
Cx.  lens  enclosed  between  two  weak  concave  menisci;  and  the  advantages  of 
this  construction  are,  first,  by  having  the  nucleus  of  greater  density  than  the 
two  menisci,  the  refractive  power  of  the  whole  lens  is  greater  than  if  it  had 
been  of  the  same  density  as  the  nucleus  throughout;  second,  it  facilitates 
the  alteration  in  curvature  of  the  lens  in  accommodation;  third,  it  reduces 
spherical  aberration  by  approximating  the  foci  prodiiced  by  the  several  zones 
of  the  lens.  If  the  latter  were  homogeneous  throughout  it  would  need  to  have 
fji  higher  than  that  of  the  nucleus,  say  1-42  to  1-45,  in  order  that  its  power 
might  be  the  same  as  it  actually  is. 

In  transparency  the  crystalline  does  not  compare  favourably  with  the 
cornea  and  aqueous.  Its  curious  structure  in  the  form  of  two  opposed  Y"s 
already  mentioned  is  liable  to  give  rise  to  striae  and  irregular  refraction. 
The  crystalline  is  fluorescent  and  its  want  of  perfect  transparency  may  be 
seen  especially  in  older  people,  vuider  focal  illumination,  when  it  appears 
a  bluish  grey  colour,  and  this  quite  apart  from  any  cataractous  tendency 
which  greatly  enhances  the  effect  (vide  Cataract). 

The  Vitreous,  also  from  its  formation,  is  liable  to  irregular  refraction 
and  generally  contains  a  number  of  minute  cells  and  bodies  giving  rise  to 
musciB  volitantes  although  the  latter  may  also  be  due  to  other  causes. 

The  Retina. — ^In  comparison  with  the  camera,  to  which  it  is  analogous, 
the  eye  suffers  from  two  marked  defects.  The  receptive  surface  or  retina  is 
not  uniformly  sensitive,  and  there  is,  in  addition,  a  gap  in  the  visual  field 
caused  by  the  entrance  of  the  optic  nerve.  At  the  macula  we  have  the 
maximum  acuity,  but  from  that  point  outwards  the  sensibility  of  the  retina 
rapidly  diminishes  so  that,  for  detail,  we  must  rely  on  central  vision  entirely. 
This  fact,  however,  gives  us,  together  with  monkeys,  the  power  of  con- 
centration absent  in  all  the  lower  animals ;  and  indeed  it  is  difficult  to  imagint^ 
how  we  should  see  at  all  with  a  uniformly  sensitive  retina  unless  the  mental 
control  and  interpretative  powers  of  the  brain  were  considerably  modified  to 
suit  the  new  conditions.  As  for  the  presence  of  the  optic  disc  or  blind  spot, 
this  causes  no  inconvenience  and  indeed  is  not  perceived  at  all  in  ordinary 
circumstances  (vide  The  Blind  Spot). 

Aberrations.-  Chromatis)ii  and  the  iivc  aberrations  of  form,  from  whicli 
ordinary  single  lenses  suffer,  are  all  to  be  found  in  the  normal  eye  but,  as  wg 
.^hall  jioint  out,  their  effects  are  not  noticeable  in  ordinary  vision. 
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Chromatism.— Dispersion  always  accompanies  refraction  and  this  occurs 
in  the  eye,  the  resultant  chromatic  aberration  being  about  the  same  as 
that  of  a  similar  homogeneous  body  composed  of  water.  When  yellow  lio-ht 
is  in  focus  at  the  retina  the  red  is  tending  to  a  focus  behind,  while  blue  light 
is  brought  to  a  focus  in  front  of  the  retina,  and  if  the  eye  be  adjusted  for  red 
light  proceeding  from  oo,  blue  light  must  be  divergent  from  about  66  cm.  in 
order  to  be  focused  at  the  retina  at  the  same  time.  This  shows  a  refractive 
difference,  or  a  mean  dispersion,  for  red  and  blue  of  about  1-5  D. — in  other 
words,  the  eye  must  accommodate  1-5  D.  more  for  red  than  for  blue  light;  this 
lias  been  confirmed  by  experiments.  An  eye  is  emmetropic  when  the  retina  is 
at  the  focus  of  yellow  light;  so  that,  approximately,  the  normal  eye  is  myopic 
1  D.  for  blue  and  hyperopic  -5  0.  for  red  light ;  thus  there  are  overlapping  blue 
and  red  confusion  discs  at  the  retina  when  the  yellow  is  sharply  focused 
thereon.  Therefore  when  the  P.  R.  is  at  oo  for  yellow  light,  it  is  negative  for 
red  and  positive  for  blue,  and  the  P.  P.  is  more  distant  for  red  and  nearer  for 
blue.  Near  points  with  coloured  glasses  can  be  easily  measured,  but  less  of 
light  makes  measurement  of  the  P.  R.  more  difficult. 

The  effects  of  chromatism  are  not  noticeable  in  ordinary  vision  because 
red  and  blue  possess  but  little  luminosity  as  compared  with  yellow ;  further, 
the  confusion  discs  are  spread  over  a  less  sensitive  part  of  the  retina  than  that 
impressed  by  the  yellow,  but  if  the  latter  be  excluded  from  the  eye,  the 
dift'ereuce  between  the  foci  of  red  and  blue  is  more  manifest.  This  is  achieved 
by  using  a  cobalt-blue  glass  which  cuts  out  the  centre  of  the  spectrum,  and  it  is 
because  the  eye  is  chromatic  that  cobalt-blue  glass  serves  as  a  test  for  ame- 
tropia. Even  in  the  latter  condition  the  effects  of  chromatism  are  not  generally 
appreciated. 

It  is  reasonable  to  presume  that  the  visual  acuity  would  be  somewhat 
better  if  there  were  a  common  focus  for  light  of  all  wave-lengths.  There  does 
not,  however,  seem  to  be  any  measurable  improvement  if  the  extreme  colours 
are  cut  oft",  which  may  be  done  by  using  a  yellow  glass.  We  have  no  means 
of  comparing  the  vision  of  an  achromatic  with  that  of  a  chromatic  eve  since 
the  former  does  not  exist  and  cannot  be  obtained  in  practice. 

The  following  experiments,  among  others,  prove  the  chromatism  of  the 
eye :— - 

With  very  strong  illumination  a  faint  coloured  border  can  be  seen  at  the 
edge  of  a  white  body,  and  this  fringe  is  the  more  pronounced  if  the  eye  accom- 
modates for  a  point  nearer  to  or  farthei-  than  the  object. 

With  a  cobalt-blue  glass  a  hyperope,  looking  at  a  disc  of  white  light, 
sees  a  blue  centre  with  a  red  border,  while  a  myope  sees  a  red  centre  with 
a  blue  border.  An  emmetrope  sees  the  disc  as  purple  with  a  narrow  blue 
border  because  the  error,  and  therefore  the  confusion  disc,  is  greater  for  blue 
than  red.  If  he  accommodates  for  a  nearer  point  he  sees  a  blue  border;  if  foi 
a  more  distant  point,  a  red  border. 

If  half  the  pupil  be  occluded  by  a  card,  the  eye'is  converted  into  a  strong 
prismo-sphere  and  the  coloured  fringes,  unnoticed  in  ordinary  vision,  fall  on  the 
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macula  and  are  seen,  if  a  small  white  body  on  a  black  ground,  or  the  windows 
al)Ove  and  ])eIow  a  dividing  sash,  be  viewed.  If  the  lower  half  of  the  pii|ji] 
be  occluded,  the  eye  acts  as  a  prism  base  down,  so  that  a  blue-violet  fringe  is 
seen  at  the  upper,  and  a  red-orange  fringe  at  the  lower  edge  of  a  luminous 
body.  In  the  case  of  the  window  sash  there  would  be  red  above  and  blue 
below,  if  the  surrounding  panes  are  the  luminous  bodies,  and  the  reverse  if  the 
sash  is  luminous  and  the  window  dark,  as  at  night. 

A  small  near  red  object  aj)pears  nearer  than  a  blue  one  because  more 
accommodation  is  needed  to  see  it  clearly;  and  red  as  a  colour  is  more  bother- 
some to  the  eyes  because  more  Ac.  is  needed  to  focus  it.  Again  blue  cannot  be 
seen  so  far  away  as  can  red  because  the  emmetrope  when  viewing  blue  becomes 
M.  1  D.,  whereas  he  is  only  H.  -5  D.  for  red  and  can  accommodate  for  it. 
Presbyopia  is  more  pronounced  in  red  illumination  than  in  white. 

Although  the  effects  are  quite  negligible,  an  ordinary  Cx.  lens  tends  to 
increase  and  a  Cc.  tends  to  decrease  the  natural  chromatism  of  the  eye  before 
which  it  is  placed. 

Chromatism  is,  of  course,  quite  distinct  from  colour  vision  or  colour 
blindness.  The  former  is  due  to  the  absence,  in  the  optical  system,  of  com- 
pensating variable  refractivity  for  the  variable  refrangibility  of  the  com- 
ponents of  white  light.  The  latter  is  a  defect  of  the  receptive,  transmissive 
or  interpretative  faculty  of  the  visual  apparatus. 

If  the  chromatism  of  the  eye  be  taken  as  that  of  water,  and  provided  that 
the  proper  glasses  could  be  found,  we  could  make  an  eye,  which  is  myopic  33  D., 
achromatic  by  giving  a  -33  D.  lens  made  of  flint  glass  whose  v  is  27-5, 
whereas  if  an  eye  is  emmetropic  it  could  be  made  achromatic  by  means  of 
a  lens  made  of  crov>^n  and  flint  components  so  that  their  united  dioptric 
powers  is  0  for  yellow  light,  about  -j--5  D.  for  red  and  -ID.  for  blue  light. 
To  jaroduce  such  a  lens  the  crown  would  need  be  about  -j-66  D.  of  ^=55, 
and  the  flint  -  66  D.  of  i'=27-5. 

Spherical  Aberration. — Spherical  aberration  exists  to  a  certain  extent  in 
the  eye,  but  its  effects  are  in  general  too  slight  to  be  noticeable.  Like  ordinary 
simple  spherical  lenses  the  aberration  is  positive,  i.e.  the  peripheral  portions 
have  a  relatively  higher  power  than  the  centre,  but  in  some  cases,  especially 
during  accommodation,  the  aberration  may  be  negative,  in  which  condition 
the  centre  has  relatively  the  higher  power.  Spherical  aberration  can  be  proved 
to  exist  by  finding  the  far  point  of  the  eye  for  dift'erent  zones,  and  for  this 
purpose  the  optometer  of  Young  is  useful.  Tscherning,  in  experimenting 
with  this  instrument,  discovered  that,  in  a  great  many  instances,  the  aberra- 
tion was  reversed  during  accommodation,  a  fact  that  seems  to  confirm  his 
theory  of  accommodation.  Also  if  the  eye  be  rendered  myopic  by  means  of  a 
suitable  plano-convex  lens,  on  the  plane  side  of  which  a  fine  cross-line  screen 
or  grid  is  etched,  the  shadows  of  the  grid  cast  on  the  retina  will  be  seen,  not 
as  a  chess-board  pattern,  but  with  a  certain  amount  of  barrel  or  pincushion 
distortion  towards  the  periphery.  It  was  by  means  of  a  grid  of  this  description 
that  Tscherning  studied  the  ocular  spherical  aberration  and  with  which  he  was 
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able  to  prove  that,  in  the  majority  of  cases,  spherical  abewation  became  nega- 
tive in  strong  accojumodation.  In  retinoscopy  with  dilated  pupils,  the  reflex  is 
generally  broken  and  confused  by  the  spherical  aberration  existing  in  the 
extreme  exposed  portions  of  the  cornea  and  crystalline. 

Spherical  aberration  in  the  eye  would  be  greater  than  what  it  is  wei-(!  it  nut 
for  the  peculiar  formation  of  the  crystalline,  whose  index  and  power  increase 
towards  the  nucleus.  Also  a  natural  correction  is  provided  in  the  iris  which, 
acting  as  a  stop,  cuts  off  the  more  peripheral  rays.  The  pupil  also  becomes 
smaller  during  accommodation,  and  may  therefore  compensate  for  any  in- 
creased aberration  if  any  such  be  introduced  by  increased  obliquity  and 
divergence  of  the  incident  light.  In  ordinary  circumstances  the  retinal 
confusion  is  very  slight  and  cannot  affect  the  visual  acuity  to  any  marked 
extent. 

Coma  is  spherical  aberration  for  oblique  pencils  of  light,  in  which  the 
circle  of  confusion  is  not  formed  symmetrically  with  respect  to  the  theoretical 
focus,  but  is  lopsided  and  resembles  a  comet,  the  tail  of  which  is  turned 
j'adially  away  from  the  optic  axis. 

Now  the  visual  line  of  the  eye  is  really  a  secondary  axis  and  therefore  the 
focus  produced  by  a  pencil,  of  which  it  is  the  axis,  must  in  general  suffer  from 
coma.  Thus  since  the  macula,  with  respect  to  the  posterior  pole,  is  situated 
downwards  and  outwards  on  the  retina,  the  image  of  a  point  formed  on  the 
macula  may  exhibit  a  slight  blur  in  a  downward  and  outward  direction,  i.e. 
away  from  the  optic  axis,  and  would  be  projected  in  the  visual  field  as  upward 
and  inward.  Should  coma  exist  to  any  appreciable  extent  it  can  be  enhanced 
by  slightly  accommodating  or  by  rendering  the  eye  myopic  with  a  convex 
lens.  The  asymmetrical  blur  is  by  this  means  rendered  more  pronounced,  and 
is  very  often  noticed  by  ametropes  when  being  tested  for  astigmatism. 
For  example,  suppose  an  ordinary  sunrise  astigmatic  chart  be  employed,  the 
lines  of  which  are  arranged  in  pairs,  a  person  having  coma,  and  whose  vision 
is  slightly  blurred,  will  sometimes  say  that,  in  a  particular  direction,  one  only 
of  each  pair  of  lines  is  clear,  or  the  one  is  light  grey  compared  with  the  other. 
This  is  due  to  the  coma  from  the  white  space  on  one  side  spreading  sideways 
over  the  image  of  the  adjacent  bar,  thereby  reducing  its  blackness.  The 
average  person's  visual  axis  passes  out  of  the  cornea  on  the  upper  and  inner 
side,  and  therefore  the  projected  image  of  the  tail  of  the  coma  is  also  turned 
in  that  direction;  such  an  eye  would  see  unequally  those  pairs  of  lines  in  the 
neighbourhood  of  45°,  i.e.  those  at  right  angles  to  the  tail,  although  there  may 
be  no  astigmatism.  The  effect  may  lie  in  other  directions  depending  upon  the 
exact  optical  condition  of  the  eye  as  a  whole,  but  in  the  majority  of  cases  the 
coma  extends  as  stated.  Again  if  a  small  white  spot  on  a  dark  background 
be  viewed,  and  accommodation  exerted  sufficiently  to  throw  the  image  slightly 
out  of  focus,  the  circle  of  confusion  will  be  seen  to  spread  more  on  one  side 
than  the  other. 

Radial  Astigmatism  is  present  to  a  certain  extent  in  the  eye  but  its  effect 
at  the  maeula  is  practically  nil.     In  the  more  peripheral  portions  of  the  image 
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astigmatic  foci  doubtless  exist,  but  the  retina  is  too  insensitive  to  appreciate 
tliem.  Also  it  has  been  calculated  that  the  curvature  of  the  retina  practically 
coincides  with  the  surface  passing  through  all  the  circles  of  least  confusion 
so  that,  even  if  the  periphery  of  the  retina  were  sufficiently  sensitive,  it  would 
not  detect  a  great  deal  of  astigmatism  except  during  accommodation,  when 
the  surface  of  least  confusion  undergoes  some  alteration  in  radius. 

Curvature  of  the  Field,  for  the  same  reason,  is  rendered  innocuous,  the 
contour  of  the  retina  affording  a  natural  counteraction. 

Distortion  likewise  can  be  said  to  be  practically  negligible,  although  it 
may  exist  to  a  very  high  degree  for  oblique  pencils.  Here,  however,  we  have 
the  factor  of  education  coming  to  our  aid  because,  although  the  peripheral 
image  of  a  straight  line  may  be  curved,  yet  the  mind  interprets  the  object 
as  a  straight  line  simply  from  experience  and  habit.  In  addition,  of  course, 
we  have  the  ever-present  faiJ-tors  of  retinal  curvature  and  diminished  retinal 
sensitivity  away  from  the  macula.  It  should  be  observed,  however,  that 
in  this  sense  distortion  is  closely  allied  to  that  mentioned  under  Spherical 
Aberralion.  Further,  we  see  a  mentally  projected  image  which  is  independent 
of  the  shape  of  the  receiving  screen. 

Aberration  of  Lenses.  -Chromatic  aberration  caused  by  ordinary  single 
lenses  is  rarely  noticed,  except  sometimes  during  a  test,  but  even  then  the 
chromatism  is  rather  of  the  eye  than  the  lens.  Aberrations  of  form  are 
noticed  only  with  strong  lenses  and  prisms;  when  first  used  complaints  are 
often  heard  that  straight  lines  look  oblique  or  objects  appear  too  large  or  too 
small,  too  near  or  too  distant,  that  the  floor  looks  concaved  or  convexed. 
With  Cx.  lenses  and  prisms  base  in,  objects  appear  larger,  nearer  and  convexed, 
and  vice  versa  with  Cc.  lenses  and  prisms  base  out.  To  a  certain  extent  some 
of  these  efiects  are  mental  and  if  the  lenses  are  of  correct  power  they  soon 
disappear,  as  do  also  the  distortion  and  obliquity  of  straight  lines  caused  by 
oblique  cylindricals. 

Animals'  Eyes.  ^r^^^Xe>s. 
Lindsay  Johnson  found  that  among  the  SfflB?e  {i.e.  man  and  monkeys), 
without  exception,  the  optic  axes  are  practically  parallel — i.e.  the  two  eyes 
are  directed  straight  forwards  when  regarding  a  distant  object.  Furthermore, 
they  alone  among  the  mammals  possess  a  small  central  area  of  highly  acute 
vision,  together  with  the  power  of  convergence.  Hence  parallel  vision,  the 
power  of  convergence,  and  the  possession  of  a  macula  are  always  found 
together.  A  law,  which  Johnson  termed  The  Law  of  the  Macula,  may,  there- 
fore, be  formulated  that  all  mammals  which  have  parallel  vision  and  the  power 
of  convergence  ]30ssess  a  macula,  and  all  animals  which  possess  a  macula  have 
parallel  vision  and  the  power  of  convergence.  All  other  mammals  possess 
a  marked  divergence  of  the  optic  axes,  which  increases  as  the  natural  orders 
descend  until,  in  the  rodents  (hares,  etc.)  the  optic  axes  are  at  right  angles 
to  the  median  line  of  the  head.  This  is  also  the  case  in  many  of  the  birds, 
nearly  all  reptiles,  amphibise,  and  fishes. 
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In  animals  below  the  monkeys,  in  place  of  the  macula  a  specially  sensitive 
visual  area  exists  which,  as  a  rule,  forms  a  long  narrow  strip  spreading  hori- 
zontally across  a  variable  length  of  the  fundus,  and  may  be  situated  either 
close  above  or  close  below  the  optic  disc.  Hence  we  may  assume  that  acute 
vision  in  such  animals  is  inferior  to  that  of  man  and  monkeys,  but  is  superior 
as  regards  a  large  area  of  equally  good  vision.  The  optic  axes  are  never  really 
IDarallel  in  any  animal,  for,  even  in  man,  they  each  diverge  slightly  from  the 
median  line,  although,  as  an  abnormal  condition,  they  may  be  parallel,  or 
even  convergent. 

With  the  exception  of  the  Simise,  mammals  do  not  habitually  move  their 
eyes  to  any  marked  degree  from  the  primary  position;  they  turn  the  head 
instead.  An  exception  occurs  among  domestic  cats  and  dogs.  Many 
intelligent  dogs  constantly  rotate  their  eyes  and  occasionally  converge  slightly 
when  food  is  held  in  front  of  the  nose.  Reptiles  and  fishes,  however,  move 
their  eyes,  as  do  many  birds. 

The  back  of  the  eye  in  most  animals — -carnivora  and  ruminants  anyhow — 
has  a  layer,  called  the  tapetuin  lucidum,  which  has  a  brilliant  yellow,  green, 
orange,  or  purple  colouring  matter,  but  whatever  the  colour  may  be  it  fades 
under  the  action  of  light,  as  does  the  visual  purple  in  man. 

Nocturnal  animals  and  birds,  which  find  their  food  mainly  at  night,  have 
few  cones  but  are  freely  supplied  with  rods.  They  are  also  highly  suj)plied 
with  retinal  pigment  eqmvalent  to  the  visual  purple. 

Nearly  all  mammals  have  yellowish  brown  or  dark  brown  irides,  but  birds 
have  brilliantly  coloured  ones — scarlet,  green,  golden  yellow,  blue,  etc. — - 
which  often  harmonize  with  the  colour  of  their  feathers.  Some  animals 
possess  a  very  high  degree  of  pupillary  activity,  the  pupil  of  a  cat's  eye  being 
reduced  to  a  slit  in  bright  sunshine,  while  at  night,  or  in  a  dull  light,  they  are  so 
dilated  that  the  irides  become  almost  invisible.  So  large  do  the  pupils  of  cats, 
and  other  feline  animals,  become  at  night  that  a  light  behind  the  observer 
renders  the  fundi  visible ;  this  gives  rise  to  the  popular  idea  that  animals'  eyes 
are  self-luminous.  A  circular  pupil  can  never  entirely  close,  whereas  an 
oval  pupil  can  almost,  as  in  the  cat.  Hence  the  latter  can  turn  its  eyes 
towards  the  sun  without  any  fear  of  injury  which  an  animal  having  circular 
pupils  could  not  do. 

According  to  Lindsay  Johnson,  in  some  mammals  such  as  the  seal  and 
sea-lion,  the  iris  contains  striped  voluntary  fibres  which  enable  the  animal  to 
open  or  close  the  pupil  at  pleasure,  to  give  clear  vision  both  in  and  out  of 
water,  but  in  man  the  iris  cannot  be  altered  voluntarily.  In  fishes  the  iris 
is  quite  immovable  and  the  pupil  therefore  fixed. 
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CHAPTER  XVIT 
OPTOMETRY  AND  LENS  ACTION 

OPTOMETRY. 
An  optometer  is  an  instrument  for  measuring  indirectly  the  ocular  refrac- 
tion from  an  artificial  P.  R.  and  P.  P.     There  are  many  different  designs  and 
some  few  are  described  in  the  following  articles.     The  most  convenient  form 
of  optometer  for  the  modern  ojDtician  is  the  "  Orthops  "  pointer. 

With  all  optometers,  however,  the  apparent  refraction  is  usually  too 
great,  on  account  of  unconscious  accommodative  action  caused  by  the  sense 
of  nearness.  Also  the  distance  of  clear  vision  is  nearer  if  the  visual  acuity 
be  lowered,  independently  of  the  refractive  condition,  and  for  these  reasons 
a  mechanical  contrivance  for  determining  the  P.  R.  is  to-day  almost  totally 
discarded,  but  for  P.  P.  measurements  it  is  indispensable  and  even  for  the 
P.  R.  is  very  useful,  as  a  rough  guide,  in  an  occasional  case,  especially  of  M. 


Fig.  83. 

The  far  point  is  the  conjugate  focus  of  the  retina  when  Ac.  is  totally 
relaxed  and,  being  at  oo  in  Em.  and  negative  in  H.,  it  cannot  be  measured  in 
these  conditions  unless  the  eye  be  made  artificially  myopic  with  a  suitable 
+  lens;  in  low  M.  the  P.  R.  is  also  at  too  great  a  distance  for  convenient 
measurement,  and  the  eye  must  be  made  more  myopic.  The  artificial  P.  R. 
is  then  at  F.  of  the  lens  in  Em.,  beyond  F.  in  H.  and  within  F.  in  M.  In  the 
first  case  the  light  emerges  parallel  from  the  lens,  in  the  second  it  is  conver- 
gent, and  in  the  third  divergent,  so  that  in  each  it  is  adapted  for  the  eye 
under  test. 

The  Amplitude  of  Ac.  or  the  dioptric  change  that  can  be  effected  by  the 

^^'''~  A=.P-R 

where  R.  and  P.  are  the  far  and  near  points  in  diopters,  the  P.  R.  being  the 
minimum,  and  the  P.  P.  the  maximum  refraction.     If  these  are  obtained 
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with  the  aid  of  lenses,  the  true  values  are,  in  each  case,  calculated  by  de- 
ducting the  dioptric  power  of  the  lens  employed  from  the  P.  R.  or  "p^  P. 
thus  found. 

The  Simple  Optometer. — The  usual  form  (Fig.  83),  and  that  to  which  the 
name  is  generally  applied,  consists  of  a  single  Cx.  lens  with  a  rod  or  bar, 
suitably  scaled,  on  which  there  is  a  movable  carrier  holding  a  card,  the  latter 
having  some  fine  print  and  an  astigmatic  dial. 

The  lens  employed  is.  say,  +8  D.  The  one  eye  is  occluded  and  the  other 
looks,  through  the  eye-piece,  at  the  chart  and  the  carrier  is  removed  to  the 
very  farthest  point  at  which  the  types  on  the  chart  can  be  read.  This  is  the 
P.  R.  and  it  will  be  at  E.  if  the  eye  is  Em.  because  E.  is  at  12-5  cm.  from  the 
lens.  If  there  is  H.  the  P.  R.  will  be  beyond  E.  and  if  M.  it  will  be  nearer.  The 
degree  of  H.  or  M.  is  shown  on  the  scale  of  the  instrument. 

Attention  is  now  fixed  on  the  As.  fan,  and  if  all  the  lines  are  seen  equally 
well  there  is  apparently  no  As.  ;  but  this  has  to  be  confirmed  by  moving  the 
fan  farther  away,  when  the  bars  of  the  fan  will  be  equally  blurred  at  all  dis- 
tances. If  at  the  first,  or  at  any  other,  position  some  one  line  is  clearer  than 
the  others  the  P.  R.  for  that  bar  is  found  and  it  indicates  the  refractive  con- 
dition of  the  meridian  of  the  eye  at  right  angles  to  it.  The  P.  R.  for  the  bar, 
at  right  angles  to  the  first,  is  now  found  in  the  same  way  and  gives  the  condi- 
tion of  the  other  principal  meridian  of  the  eye.  Thus  suppose  the  types  give 
a  P.  R.  of  2-5  D.  H.,  that  the  40°  bar  indicates  H.  3  D.  and  that  at  130°  shows 
H.  2  D.     Then  the  eye  is  H.  2  D.  at  40°  and  H.  3  D.  at  130°. 


Fig.  84. — The  "Orthops"  Pointer. 


The  P.  P.  is  obtained  by  finding  the  nearest  point  at  which  the  types  can 
be  read,  but  if  the  eye  is  astigmatic  it  should  have  the  correcting  cyl.  in  front 
of  it.  The  difference  between  the  P.  P.  and  the  P.  R.  is  the  amplitude  of  Ac. ; 
that  is  A=P.  -  R.  Thus  suppose  the  P.  R.  is  at  H.  2-5  D.  and  the  P.  P.  is  at 
M.  5-5  D.  then  A=5'5  -  ( -  2-5)=8  D. 

The  "  Orthops  "  pointer  is  a  flat  wooden  bar — scaled  in  diopters  to  avoid 
the  necessity  for  conversion  of  distances  into  powers — employed,  in  con- 
junction with  the  ordinary  trial  frame  and  lenses,  for  determining  the  P.  R. 
and  P.  P.,  and  for  estimating  the  amplitude  of  accommodation  and  degree  of 
refractive  error.  The  test  card  is  arranged  with  types,  on  the  right  and  left, 
for  use  by  the  corresponding  eye,  and  with  central  types  for  binocular  use; 
there  are  two  grade  ;  of  type,  the  smaller  for  the  near  and  the  larger  for  the 
far  point;  in  additio  .  ihere  are  astigmatic  discs.     On  the  one  side  A  there  is 
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a  scale  for  near  'point  measurements  which  also  shows  the  age,  between  10  and 
55  years,  and  its  corresponding  amplitude  of  accommodation.  On  the  other 
sides  the  scales  B,  C  and  D  are  used  for  determining  the  far  point.  When 
there  is  medium  to  high  M.,  in  which  the  P.  R.  is  easily  measurable  without 
an  auxiliary  lens,  the  scale  £  is  used.  Scale  C  is  adapted  for  cases  of  low  M. 
or  H.,  a  +  4  D.  lens  being  used;  while  D  is  employed,  in  conjunction  with 
a  +  8  D.,  when  the  H.  exceeds  2  D. 

The  one  eye  being  occluded,  the  carrier  is  first  withdrawn  well  beyond 
the  far  point,  and  then  slowly  approached  towards  the  eye  until  the  print 
can  just  be  read;  then  the  P.  R.  is  situated  immediately  at  this  distance 
which  shows  on  the  scale  the  refractive  condition  of  the  eye.  A  greater 
relaxation  of  Ac.  and  therefore  a  more  distant  P.  R.  is  often  obtained  by 
bringing  the  carrier  within  the  apparent  P.  R.  and  then  very  slowly  moving 
it  outwards  again. 

The  P.  R.  of  each  principal  meridian  of  an  astigmatic  eye  is  determined 
by  using  the  scale  B,C  ox  D  in  conjunction  with  the  astigmatic  discs  in  the 
same  way  as  for  a  general  refractive  condition.  The  astigmatic  discs  are 
approached  towards  the  eye  until  some  lines  become  clear  and  the  position 
of  the  carrier  determines  the  power  of  the  eye  in  the  meridian  of  least  refrac- 
tion, i.e.  that  of  highest  H.  or  lowest  M.  The  position  for  maximum  clearness 
of  the  line,  at  right  angles  to  that  first  seen,  is  obtained  by  approaching  the 
carrier  more  towards  the  eye,  this  determining  the  power  of  the  meridian  of 
greatest  refraction,  i.e.  that  of  lowest  H.  or  highest  M.  In  other  words  the 
first  position  indicates  the  general  error  and,  therefore,  the  spherical  element 
of  the  correction;  the  difference  between  the  first  and  the  second  gives  the 
Cc,  correcting  cyl.  whose  axis  corresponds  to  the  meridian  of  the  second  line. 
The  measurement  of  As.  thus  obtained  is  not  very  accurate  and  is  therefore 
not  generally  employed.  Thus  suppose  without  any  lens,  the  first  line  seen 
is  vertical  and  indicates  M.  2  D.,  and  on  approaching  the  carrier  the  hori- 
zontal line  is  clear  at  M.  5  D.,  the  required  lenses  are  -2-OS.  o-3'O  C, 
Ax.  180. 

To  use  the  scale  A  for  near-point  measurement,  the  closest  point  of  distinct 
vision  is  obtained  by  running  the  carrier  so  near  to  the  eye  that  fine  type  is 
illegible,  and  then  slowly  moving  it  outwards  until  the  print  can  just  be  read. 
This  gives  the  P.  P.  which,  expressed  in  diopters,  shows  the  apparent  ampli- 
tude of  accommodation  when  the  distance  correction  is  in  the  frame.  The 
age  which  normally  corresponds  to  the  Amp.  of  Ac,  as  indicated  by  the  P.  P., 
being  shown  on  the  same  scale,  the  difference  between  the  P.  P.  obtained  and 
that  assigned  to  the  age  can  be  seen  at  a  glance. 

If  the  test  is  made  with  an  auxiliary  lens,  the  P.  P.  shown  on  the  scale 
differs  from  the  true  P.  P.  by  the  power  of  that  lens.  If  the  P.  P.  is  very 
near,  it  is  difficult  to  measure  unless  a  Cc.  lens,  say,  3  or  4  D.,  be  placed  in 
front  of  the  eye;  on  the  other  hand  if  the  Ac.  be  very  depleted  a  +  lens  is 
needed  to  bring  it  within  a  measurable  distance ;  in  both  the  cases  power  of 
the  lens  must  be  deducted  from  the  position  shown.     Thus  if  the  P.  P.  is  at 
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5  D.  with  a  -  4  D.,  the  actual  P.  P.  is  5  -  ( -  4)=9  D.  If  it  is  at  the  same 
place  with  a  +  4  D.,  the  real  P.  P.  is  5  -  (+4)=1  D.  Measurements  of  the 
P.  P.  without  the  distance  correction  are  occasionally  useful  as  described  in 
H.,  spasm  of  Ac,  etc.,  but  if  there  is  any  uncorrected  As.  they  are,  of  necessity, 
indefinite;  the  binocular  P.  P.  may  differ  materially  from  that  of  each  eye 
alone. 

Allowance  being  made  for  the  refractive  condition,  the  age  of  a  person 
can  be  roughly  gauged  by  the  P.  P.,  and  while  the  calculation  may,  in  some 
cases,  be  found  to  be  far  from  accurate  it  is  often  curiously  exact ;  even  when 
latent  H.  is  present,  the  Amp.  of  Ac.  being  frequently  far  above  the  minimum, 
the  P.  P.  very  nearly  corresponds  to  the  latter.  In  old  people  the  figures 
given  in  the  table  of  amplitudes  are  more  nearly  those  of  the  average. 

In  ordinary  subjective  sight  testing  we  really  use  an  optometer  which  is 

6  m.  long  whereby  the  P.  R.  is  placed  at  oo  by  means  of  lenses  and  Snellen's 
test-types.  The  P.  P.  and  Amp.  of  Ac.  are  then  found  by  the  pointer  or  some 
similar  contrivance. 

Badal's  Optometer  has  some  special  qualities.  If  the  lens  (Fig.  86)  is 
placed  so  thatjF,  its  focal  point,  coincides  with  the  nodal  point  of  the  eye,  a 
ray,  parallel  to  the  axis  before  refraction,  passes,  after  refraction  by  the  lens, 


Figs.  85  and  86. — The  Badal  Optometek. 

The  lower  diagram  shows  comcidence  of  F  with  the  nodal  point,  and  the  upper  the 

coincidence  of  F  with  F-^  of  the  eye. 


through  IS  the  nodal  point  without  further  deviation,  no  matter  what  the 
distance  of  the  object  may  be;  consequently  the  angle  under  which  the  image 
is  formed  is  always  the  same  and  there  is  no  sense  of  change  in  the  distance  of 
the  types  as  the  carrier  is  moved.  If  the  lens  (Fig.  85)  is  placed  so  that  F 
coincides  with  F^,  the  anterior  focal  point  of  the  eye,  then  a  ray  parallel  to 
the  principal  axis  of  the  lens,  before  refraction,  is  parallel  to  the  principal  axis 
of  the  eye  after  refraction.  The  conditions  are  the  same  as  before,  i.e.  the 
refraction  of  the  eye  is  measured  with  equality  of  size  of  retinal  image  and 
the  sense  of  nearness  or  approach  of  the  object  is,  to  a  great  extent,  eliminated. 
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The  usual  lens  is  +10  D.  placed  115  mm.  in  front  of  the  cornea  or  some  23  mm. 
less  for  the  first-mentioned  condition. 

The  Young  Optometer  (Fig.  87)  consists  essentially  of  a  single  convex 
lens  L,  in  front  of  which  is  a  diaphragm  having  two  narrow  vertical  slits, 
whose  distance  apart  is  less  than  the  diameter  of  the  pupil;  instead  of  the 
usual  card  with  types,  the  object  is  simply  a  white  line  BC.  The  action  of 
the  diaphragm  is  to  produce,  in  the  eye  under  test,  two  images  of  the  line 
which  apparently  cross  each  other  at  the  artificial  far  point  A,  the  conjugate 


Fig.  87. — The  Young  Optometee. 

D  is  the  disc,  and  B,  A  and  C  are  three  points  on  a  straight  line.     The  images  of  B  and 
G  are  seen  double,  while  the  image  A'  of  the  point  A  is  single. 

focus  of  the  retina  on  which'  the  single  image  A'  is  formed.  Any  other  point, 
as  B  or  C,  is  seen  double  since  its  two  images,  caused  by  the  aperture,  do  not 
unite  on  the  retina. 

Fig.  88  illustrates  the  appearance  of  the  line,  and  R  the  far  point  at  which 
the  double  images  apparently  intersect,  the  latter  position  being  indicated 
by  a  pointer  moving  along  a  suitable  scale.  The  reading  is  more  exact  if 
three  or  four  slits  are  employed,  the  crossing-point  being  better  defined.  In 
As.  the  reading,  for  each  principal  meridian,  is  obtained  by  employing  the 
slits  in  these  meridians.     The  P.  P.  can  be  determined  in  a  similar  manner. 


Fig.  88. 


A  vertical  wedge-shaped  slide  is  also  provided  to  occlude  the  central 
portion  of  the  eye,  and  in  this  way  the  peripheral  and  central  refraction  can  be 
separately  determined  and  compared.  The  extreme  peripheral  refraction, 
on  either  side,  can  be  found  by  using  the  most  widely  separated  apertures 
to  expose  any  of  the  extreme  peripheral  portions  of  the  pupil,  and  it  was  in 
this  manner  that  Tscherning  studied  the  spherical  aberration  of  the  eye. 


The  Scheiner  Disc  (Fig.  89)  is,  in  principle,  similar  to  the  Young  optometer; 
it  consists  of  an  opaque  disc,  with  two  very  small  (pinhole)  apertures  distant 
from  each  other  less  than  the  diameter  of  the  pupil  of  the  eye  under  examina- 
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tion.  Light  from  a  small  source  at  go  enters  the  eye,  through  the  apertures, 
and  forms  two  images  which,  if  the  eye  is  emmetropic,  coincide  at  the  retina, 
only  one  then  being  seen.  When  ametropia  exists,  two  images  are  seen  and 
these  are  rendered  distinctive  by  means  of  a  red  or  green  glass  placed  over  one  of 
the  apertures.  If  the  eye  be  hypermetropic,  the  two  cones  of  light  reach  the 
retina  before  uniting;  the  right  and  left  cones  fall  on  the  right  and  left  of  the 
retina  respectively,  forming  two  uncrossed  images  which  are  mentally  re- 
ferred outwards  as  crossed,  the  coloured  image  being  seen  on  the  opposite  side 
to  the  aperture  having  the  tinted  glass.     In  myopia  the  cones  of  light  meet 


Fig.  89. — The  Scheiner  Disc. 

each  other  in  the  vitreous  and  form  crossed  images  on  the  retina ;  the  projected 
images  are  therefore  uncrossed,  the  coloured  image  being  seen  on  the  same 
side  as  the  corresponding  aperture.  One  image  therefore  denotes  Em.,  two 
crossed  images  H.  and  two  homonymous  images  M.  The  correction  is  the 
strongest  convex,  or  the  weakest  concave,  that,  held  in  front  of  the  disc, 
causes  the  two  images  to  be  seen  as  one. 

The  P.  P.  can  be  found  by  holding  a  thin  object,  such  as  a  needle,  at  right 
angles  to  the  plane  of  the  apertures.-  It  is  then  approached  until  a  point  is 
reached  at  Avhich  the  accommodation  fails  to  fuse  the  images,  and  the  object 


Fig.  90. — The  Cheomatic  Disc. 

is  seen  double,  the  nearest  point  at  which  a  single  object  is  seen  representing 
the  distance  of  the  P.  P.  Scheiner's  method  is  not  used  to-day,  owing  to  the 
difficulty  in  keeping  the  disc  so  adj  usted  that  the  pupil  includes  both  apertures, 
and  among  other  reasons  it  is  useless  for  testing  Ast. 

The  Chromatic  Test,  based  on  the  chromatism  of  the  eye  {q.v.),  can  be  used 
for  the  approximate  determination  and  correction  of  refractive  errors.  The 
disc  consists  of  a  very  deep  cobalt-blue  glass  which  blocks  out  the  central 
spectrum  colours,  and  transmits  only  red  and  blue,  the  object  viewed  being 
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a  distant  circular  source  of  light  about  1"  in  diameter.  One  eye  being 
occluded,  the  light,  viewed  through  the  disc,  is  seen  by  the  eye  under  test — 

In  Em.         . .  . .  . .  As  a  purple  circle,  often  with  a  light  blue  margin. 

In  H.  . .  . .  . .  Blue  circle  with  a  light  red  margin. 

In  M.  . .  . .  .  .  Red  circle  with  a  light  blue  margin. 

In  simple  H.  As Purijle  ellipse  with  red  extremities. 

In  simple  M.  As Purple  ellipse  with  blue  extremities. 

In  compound  H.  As.         . .  Blue  ellipse  with  red  extremities. 

In  compound  M.  As.  . .  Red  ellipse  with  blue  extremities. 

In  mixed  As.  . .  . .  A  circle  or  ellipse,  purjile  in  centre,  with  extremities 

red  in  one  direction  and  blue  in  the  other. 

In  irregular  As Irregular  oval  or  ellipse. 

The  seiDaration  of  the  colours  is,  of  course,  due  to  the  fact  that  the  blue 
light  comes  to  a  focus  sooner  than  the  red,  the  aberration  being  emjDhasized 
in  ametropia.  The  test  is  not  sufficiently  delicate  to  be  of  any  practical 
utility,  and  generally  the  eye  appears  to  possess  a  greater  static  refraction 
than  is  actually  the  case— in  other  words,  the  M.  eye  is  apparently  more  M. 
and  the  H.  eye  less  H.  than  it  really  is.  Theoretically  the  lens  or  combina- 
tion that  causes  the  source  to  be  seen  as  a  circular  purple  disc,  as  in  Em., 
is  the  correction  of  the  error. 

The  blue  margin  is  seen  in  Em.  or  when  an  Em.  condition  is  obtained  by 
lenses,  because  when  the  yellow  light  is  in  focus  at  the  retina  the  eye  is  M. 
1  D.  for  blue  and  H.  only  -5  D.  for  red,  so  that  the  blue  disc  of  confusion  is 
greater  than  the  red.  This  also  accounts  for  the  apparent  higher  degree  of 
M.  and  lower  degree  of  H.  found  by  this  test. 

The  Double  Prism  Test.— A  double  prism— the  common  edge-line  of 
which  bisects  a  1/8  inch  aperture  in  a  black  disc— and  a  circular  test  object 
is  the  principle  of  another  form  of  optometer.  The  strength  of  the  prisms, 
the  size  of  the  test  object  and  the  distance  of  the  latter  must  all  be  such  that, 

O  Cp  OO  CD 

£>  E  H  M^ 

Fig.  91. — The  Prisoptometek. 

D  the  disc,  E  as  seen  in  cmmetropia,  31  as  in  myopia,  H  as  in  hypei-metropia. 

when  an  emmetrope  looks  through  the  aperture,  the  two  images  seen  just 
touch  each  other.  If  they  overlap,  there  is  M. ;  if  they  are  separated  there  is 
H.  On  revolving  the  disc,  if  the  overlapping  or  separation  is  greater  at 
some  positions  than  at  others,  there  is  astigmatism  and  the  lenses  that  make 
the  two  images  just  touch,  during  a  complete  circuit  of  the  disc,  is  the  correc- 
tion required. 

Other  Forms  of  Optometers  which  are  most  worthy  of  note  are : 

Two  convex  lenses  forming  a  telescope  arrangement,  as  in  the  Hirschherg. 

A  convex  and  a  concave  lens,  like  an  opera-glass  system,  as  in  the  rej'rac- 
tometer. 

An  arrangement  of  a  Cc.  ophthalmoscopic  mirror  and  a  convex  lens  for 
seeing  a  real  image  of  the  retinal  image,  as  in  the  Schmidt- Rimjiler. 
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Optometric  Calculations. 

The  measurements,  as  indicated  in  this  article,  give  the  apjjareiU  or 
manifest  refractive  condition  and  A.  the  Amp.  of  Ac.  From  the  former  the 
correcting  lens  for  distance  can  be  estimated  and  from  the  latter  the  additional 
reading  glasses  can  be  calculated.  Thus  suppose  the  P.  P.  is  at  20  cm.  =5  D. 
and  the  eye  is  respectively  H.  2  D.,  Era.  and  M.  2D.;  then — 

InH.  2D.      A=P-R=-5-(-2)=7D. 
In  Em.  A=P  -  R=5  -  0=5  D. 

InM.  2D.     A=P-R=5-2=3D. 

So  that  when  an  ametroiDic  condition  is  fully  corrected,  the  P.  P.  shows 
the  actual  Amp.  of  Ac;  if  the  manifest  error  is  corrected  the  P.  P.  shows 
the  available  Amp.  of  Ac. 

If  three  eyes  be  respectively  H.  3  D.,  Em.,  and  M.  3  D.  and  each  has  an 
Amp.  of  Ac. =6  D.,  then — 

InH.  3D.      P=A+R=6+(-3)=3D. 
In  Em.  P=A+R=6+0=6  D. 

InM.  3D.      P=A+R=6+3=9D. 

More  generally  P.  or  R.,  or  both,  are  found  with  the  aid  of  lenses.  If 
both  be  obtained  with  the  same  lens,  as  may  be  done  in  many  cases,  using 
the  one  side  of  the  pointer  for  the  P.  P.  and  the  other  for  the  P.  R.,  no  further 
calculation  is  necessary  for  obtaining  A.,  beyond  taking  the  difference  be- 
tween the  P.  P.  and  P.  R.,  since  both  points  are  an  equal  number  of  diopters 
nearer  or  farther  away  owing  to  the  action  of  the  lens. 

Thus  if  with  +6  D.  the  P.  P.  is  at  12-5  cm.  and  the  P.  R.  at  100  cm.; 
then  A.  =8-1=7  D. 

The  P.  P.  is  12-5  cm.  or  8  D. ;  the  true  P.  P.  is  8  -  6=2  D. 

The  P.  R.  is  100  cm.  or  1  D. ;  the  true  P.  R.  is  1  -  6=  -  5  D. 

Then  A.=2-(-5)=7  D.  the  same  as  shown  before. 

The  optical  condition  is  H.  5  D.  as  indicated  by  the  negative  P.  R. 

When  different  lenses  are  used  to  find  the  near  and  far  points,  the  actual 
values  of  the  latter  must  be  calculated  separately  and  the  difference  between 
them  taken  for  the  Amp.  of  Ac.  The  following  are  examples  in  which  P. 
and  R.  are  given  in  diopters  only : 

With  a  +3  D.,  the  P.  R.  shows  5  D.  and  with-1  D.,  the  P.  P.  shows 
8  D.;  then: 

The  P.  R.  is  5  -  3=+2  D.=M.  2  D. 
The  P.  P.  is8-(-l)=9D. 
The  Amp.  Ac.=9-2=7  D. 

With  a  +6  D.,  the  P.  R.  shows  1-.5  and  with  -3  D.,  the  P.  P.  shows 
3.5  D. ;  then — 

The  P.  R.  =1-5  -  6=  - 4-5  D.=4-5  D.  H. 
The  P.  P.  =3-5  -  ( -  3) =6-5  D. 
The  Amp.  Ac.=6-5-(-i-5)=ll  D. 
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In  the  foregoing  if  P'  and  R'  are  the  near  and  far  points,  found  with  the 
aid  of  the  lens  D,  while  P  and  R  are  the  true  near  and  far  points,  we  presume 

that—  P:=p>_D     E=R'-D     and    A=P'-R'=P-R. 

While  this  is  sufficiently  exact  for  practical  purposes,  it  is  not  actually  true 
on  account  of  the  effectivities  of  the  lenses,  as  shown  later  in  this  chapter. 

Accommodation. — The  Ac.  exerted  at  any  distance  by  an  emmetrope  is  D., 
the  dioptric  expression  of  that  distance;  by  an  araetrope  it  is  D-R  where 
R  is  the  far  point  in  diopters;  thus  at  50  cm.  in  Em.  the  Ac.=2  D. ;  in 
H.  2  D.  Ac.=2  -  ( -  2)=4  D. ;  in  M.  2  D.  Ac.=2  -  2=0.  The  distance  of  the 
object  is  taken  as  from  the  lens. 

Actual  Ac.  exerted. — ^The  amount  of  accommodation  A  that  a  person  would 
need  to  use,  in  order  to  see  a  near  object,  if  he  has  been  corrected  for  distance 
by  a  lens  D  placed  at  F^  of  the  eye,  is — 

A=D'-D'i3 

D'  being  the  effective  power  of  the  lens  on  the  eye  and  D'^  the  effective 
conjugate  focus. 

Taking  two  examples  given  of  -f  5  D-  and  -  5  D.  and  object  at  33  cm.  Now 
we  know  that  a  +5  D.  corrects  545  D.  of  true  H.,  while  a-5  D.  corrects 
only  4-62  D.  of  true  M.  The  effective  posterior  conjugates  with  these  lenses, 
for  an  object  at  33  cm.,  are  respectively  +2-07  and  -  7  D. 

Therefore  we  have,  respectively : — 

A=-j-545  -  (+2-07)=3-38  D. 
and  A=-4-62-(-7)=2-38D. 

Thus  the  Ac.  exerted  in  H.  is  greater,  and  in  M.  less,  than  what  would 
appear  from  the  ordinary  calculations.  When  a  hyperope,  or  myope,  is 
corrected  for  distance,  we  usually  say  that  for  reading  at  33  cm.  he  would 
need  to  accommodate  3  D.,  but  here  we  see  that  in  H.  5  D.  it  is  3-38  D.  and 
in  M.  5  D.  it  is  2-38  D.  If  a  lens  were  used,  however,  it  would  be  +3  T). 
added  to  the  original  lens  in  all  cases,  so  that  if+lO  D.  suits  for  distance  in 
a  case  of  aphakia,-}- 13  D.  is  needed  for  reading  at  33  cm.  from  the  lens. 

What  occurs  in  these  cases  can  be  illustrated  for  the  examples  given. 

In  the  case  of  H.  5  D.,  when  the  light  diverges  from  33  it  is,  after  refraction 
by  the  lens,  convergent  to  5  -  3=2  D.  or  50  cm.,  and  at  the  eye  has  a  conver- 
gence of  100/  (50  - 1-65)=2'07  D. ;  now  since  the  eye  is  H.  5-45  D.  there  is 
required  Ac.=545- 2-07=3-38  D.  in  order  that  the  light  be  brought  to  a 
focus  at  the  retina. 

In  the  case  of  the  M.  5  D.,  the  light  after  passing  through  the  lens,  diverges 
5-(-3=8  D.,  or  from  12-5  cm.  and  at  the  eye  the  divergence  is  100/(12-5+l-65) 
=7  D.,  and  since  the  eye  is  M.  4-62  D.,  the  Ac.  needed  to  focus  the  light  at  the 
retina  is  -  4-62-|-7=2-38  D.  In  these  considerations  it  is  presumed  that  the 
principal  plane  has  not  changed  as  the  eye  acconmiodates. 

From  this  it  would  appear  as  if  cases  of  H.  need  stronger  lenses  for  near 
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work,  and  cases  of  M.  full  distance  correction,  or  practically  the  contrary  of 
what  has  been  stated  when  treating  of  the  correction  of  these  errors. 

When  the  object  is  at  oo  the  dioptric  distance  B  is  zero,  and  Dg  is  the 
same  as  D'.  When  d  is  zero  so  that  the  lens,  in  theory,  is  in  the  refracting 
plane  of  the  eye  D'=D,  and  D'g=D  — B,  which  is  our  ordinary  calculation 
for  conjugate  foci. 

When  with  a  Cx.  lens  B=D,  i.e.  the  object  is  at  F  of  the  lens,  D'g=0, 
and  the  amount  of  Ac.  required  is  D.  For  instance,  if  B=5  D.  (20  cm.)  with  a 
+5  D.  correcting  lens  the  Ac. =5-45  D.  With  weak  Cx.  correcting  lenses,  so 
that  the  light  after  refraction  by  the  lens  is  divergent,  the  Ac.  needed  may  be 
less  than  B. 

In  the  case  of  a  Cc.  lens,  the  corrected  myope  always  needs  less  Ac.  than 
an  Em.  for  the  same  distance  of  object;  thus  with  -  5  D.,  in  the  usual  position, 
and  the  object  20  cm.  distant,  the  divergence  of  the  light  at  the  lens  is  10  D. 
and  at  the  refracting  plane  of  the  eye  it  is  8-5  D.  (approx.). 

In  general,  with  low-power  lenses,  the  changes  due  to  effectivity  in  near 
vision  are  quite  negligible. 

The  value  of  d,  i.e.  the  interval  between  the  eye  and  the  lens,  in  order  to 
see  an  object  at  a  certain  distance,  can  be  found  by  transposing  the  given 
formulae.  Or  it  can  be  obtained  by  the  method  given  in  artificial  accommoda- 
tion* In  these  calculations,  we  take  the  distance  of  the  obj  ect  as  from  the  lens, 
for  if  we  consider  the  distance  of  the  object  as  from  the  eye,  while  the 
lens  is  in  advance  of  the  latter,  the  calculations  become  still  more  complicated. 

Artificial  Accommodation  can  be  obtained  by  altering  the  position  of 
the  correcting  lens  with  respect  to  the  principal  plane  of  the  eye,  and  is  a 
question  of  conjugate  foci. 


Fig.  92. 

In  order  that  an  ametropic  eye  may  see  clearly  at  oo  without  Ac,  the 
principal  focus  of  the  lens  must  coincide  with  the  P.  R. ;  if  the  object  be  near, 
then  its  conjugate  focus  must  coincide  with  the  P.  R.  Thus  what  we  have 
to  find  is  the  chatKje  in  the  image  conjugate  for  the  two  positions  of  the  object, 
the  distance  from  the  lens  to  the  eye  being  immaterial. 

In  Fig.  92  let  E  be  the  eye,  in  one  case  H.  and  the  other  M.,  all  accom 
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modative  power  being  supposed  absent.  A  is  an  obj  ect  at  a  distance  for  which 
the  eye  is  corrected  and  a  its  conjugate  image.  Then  a  is  the  virtual  P.  R. 
of  the  hypermetropic  and  the  real  P.  R.  of  the  myopic  eye  towards  which 
light  must  converge,  and  from  which  it  must  diverge,  respectively,  in  order  to 
focus  on  the  retina.  Now  suppose  some  other  point  B,  whose  image  is  at  h, 
is  required  to  be  clearly  seen.  Obviously,  in  order  to  bring  the  focus  again 
to  the  retina,  we  must  restore  the  conjugate  h  to  the  P.  R.  denoted  by  the 
first  conjugate  a,  and  to  do  this  we  must  either  move  the  lens  forward,  or 
the  eye  backwards,  by  an  amount  equal  to  the  distance  between  a  and  h. 
It  is  simpler  to  imagine  the  eye  moved  backwards  because  then  the  increase  in 
distance  between  the  eye  and  the  lens  will  be  exactly  equal  to  the  change  in 
the  conjugates  a  and  b. 

Working  in  dioptric  distances,  we  know  that  if  D  be  the  power  of  the  lens, 
A  and  B  those  of  the  object  distances,  while  a  and  h  are  the  image  distances 
respectively^ — 

a=D-A  and  6=D-B. 

Suppose  an  aphakic  eye  corrected  by  +10  D.  for  vision  at  100  cm.  and 
it  is  required  to  see  clearly  at  50  cm.;  what  must  be  the  distance  between 
the  eye  and  lens,  the  original  position  of  the  latter  being  at  15  mm.  ?  We 
have  A=l,  B=2  and  D=10,  so  that— 

a=l0  -  1=9  D.  or  11  cm.  behind  the  lens, 
6=10  -  2=8  D.  or  12-5  cm.  behind  the  lens. 

Therefore  the  eye  must  be  receded  12-5 -11=1-5  cm.,  so  that  it  is  1-5+ 
1'5=3  cm.  behind  the  lens,  in  order  that  the  P.  R.  may  coincide  with  h. 
If  the  lens  were  -  10  D  we  have — 

a=  - 10  - 1=  - 11  D.,  or  9  cm.  in  front  of  the  lens, 
6=  - 10  -  2=  - 12  D.,  or  8-25  cm.  in  front  of  the  lens ; 

so  that  the  eye  would  have  to  be  receded  -  8-25  -  (  -  9)=0-75  cm. 

Increased  artificial  Ac.  is  obtained  with  a  Cx.  by  ■  .icreasing  its  efEectivity 
and  with  a  Cc.  by  decreasing  it;  lessened  artificial  Ac.  results  from  the 
reverse.  Therefore  increasing  the  interval  between  the  lens  and  the  eye 
produces  artificial  Ac.  with  both  +  and  -  lenses,  and  enables  a  person  to  see 
nearer,  provided,  in  the  case  of  the  Cx.,  that  the  object  be  not  nearer  the  lens 
than  2  F.,  after  completion  of  the  movement. 

Reducing  the  distance  decreases  the  artificial  Ac,  and  enables  a  person 
to  see  farther  away.  Thus  suppose  vision  were  clear  at  50  cm.  with  a  -j-7  D. 
at  1-5  cm.  from  the  eye;  what  is  the  distance  from  eye  to  lens  for  vision  at  oo  'i 

«=7-2=5D.        6=7-0=7  D. 

The  eye  must  be  advanced  100/5-100/7=5-7  cm.,  but  since  the  original 
separation  was  only  1-5  cm.,  clear  vision  at  cc  cannot  be  obtained. 
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When  the  lens  is  strong,  and  near  to  the  eye,  and  the  distance  of  the 
object  great  compared  with  the  focal  length  of  the  lens,  no  material  error 
arises  from  taking  the  distance  of  the  object  as  from  the  eye  itself  instead  of 
from  the  lens.  This  approximation  is  not,  however,  permissible  when  the 
lens  is  weak,  or  the  object  very  near  or  the  lens  far  out  from  the  eye.  Also,  if 
the  latter  is  kept  stationary,  and  the  lens  moved  towards,  or  farther  away 
from  the  object,  the  distance  of  the  latter  is  no  longer  that  for  which  Ac.  is 
required,  but  in  most  cases  with  strong  lenses  the  error  is  so  small  as  to  be 
negligible. 

With  a  Cx.  lens  artificial  Ac.  can  be  produced  by  removal  of  the  lens  so 
long  as  the  distance  between  the  lens  and  the  object  is  greater  than  2  F.  but 
if  less,  or  becomes  less  when  the  lens  is  advanced,  no  artificial  Ac.  results. 
The  effectivity  of  a  Cx.  increases  up  to  a  certain  point  and  then  decreases  down 
to  0  when  the  lens  touches  the  object.  Thus  a  Cx.  lens  needs  to  be  fairly  strong 
in  order  to  obtain  any  artificial  Ac.  for  near  objects;  if  the  distance  of  observa- 
tion be  33  cm.  it  must  be  stronger  than  6  D.  so  that  it  may  be  said  that  no 
increase  of  effect  is  obtainable  with  ordinary  spectacle  lenses  for  vision  within 
arm's  length  unless  these  be  over  5  D.  or  6  D.  in  power.  By  moving  the  head 
backwards,  however,  an  increased  effect  can  be  obtained  so  long  as  the  light 
be  convergent  after  traversing  the  lens,  that  is  so  long  as  the  object  is  beyond 
F.  of  the  lens,  but  little  utility  can  be  obtained  from  this  fact  since  the  dis- 
tance that  the  eye  would  need  to  be  receded  is  generally  greater  than  is 
practical. 

For  near  vision  we  can  reduce  the  effectivity  of  a  Cc.  lens  down  to  0,  which 
occurs  when  the  lens  touches  the  object  as  is  the  case  with  a  Cx.  But  with 
a  Cc,  by  removing  it  out  from  the  eye,  artificial  Ac.  can  be  obtained  equal  to 
the  power  of  the  lens.  The  limitation,  however,  is  reached  when  the  lens  is  in 
sucli  a  position  that  the  virtual  image  is  at  the  far  point. 

A  person  with  poor  accommodative  power,  who  uses  Cc.  lenses  or  strong 
Cx.  ones,  pulls  the  frame  down  the  nose  in  order  to  read.  He  might  do  the 
same,  even  if  the  Cx.  lenses  are  weak,  because  then  he  gets  a  larger  retinal 
image. 

LENS  ACTION. 

Effectivity  of  Lenses. 

Influence  of  the  Position  of  the  Lenses. — When  the  point  of  vision  is  at 
00,  the  effective  value  of  a  Cx.  lens  increases  as  the  latter  is  farther  out  from 
the  eye,  while  that  of  a  Cc.  lens  decreases,  so  that  when  we  speak  of  so  many 
diopters  of  H.  or  M.  as  represented  by  the  correcting  lens,  there  is  actually 
more  H.  and  less  M.  respectively.  For  the  correcting  lens  to  be  numerically 
equal  to  the  refractive  error,  it  would  need  be  placed  in  the  principal  plane  of 
the  eye.  This  being  impossible  the  best  position  is  that  which  is  also  the  most 
convenient,  viz.,  as  near  to  the  tips  of  the  lashes  as  jjossible,  which  position 
does  not  often  differ  much  from  tlie  anterior  focal  plane ;  let  this  be  regarded 
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modative  power  being  supposed  absent.  A  is  an  object  at  a  distance  for  which 
the  eye  is  corrected  and  a  its  conjugate  image.  Then  a  is  the  virtual  P.  R. 
of  the  hypermetropic  and  the  real  P.  R.  of  the  myopic  eye  towards  which 
light  must  converge,  and  from  which  it  must  diverge,  respectively,  in  order  to 
focus  on  the  retina.  Now  suppose  some  other  point  B,  whose  image  is  at  b, 
is  required  to  be  clearly  seen.  Obviously,  in  order  to  bring  the  focus  again 
to  the  retina,  we  must  restore  the  conjugate  h  to  the  P.  R.  denoted  by  the 
first  conjugate  a,  and  to  do  this  we  must  either  move  the  lens  forward,  or 
the  eye  backwards,  by  an  amount  equal  to  the  distance  between  a  and  h. 
It  is  simpler  to  imagine  the  eye  moved  backwards  because  then  the  increase  in 
distance  between  the  eye  and  the  lens  will  be  exactly  equal  to  the  change  in 
the  conjugates  a  and  b. 

Working  in  dioj)tric  distances,  we  know  that  if  D  be  the  power  of  the  lens, 
A  and  B  those  of  the  object  distances,  while  a  and  b  are  the  image  distances 
respectively — 

a=D-A  and  6=-D-B. 

Suppose  an  aphakic  eye  corrected  by  +10  D.  for  vision  at  100  cm.  and 
it  is  required  to  see  clearly  at  50  cm.;  what  must  be  the  distance  between 
the  eye  and  lens,  the  original  position  of  the  latter  being  at  15  mm.  ?  We 
have  A=l,  B=2  and  D=10,  so  that — 

a=10  - 1=9  D.  or  11  cm.  behind  the  lens, 
6=10  -  2=8  D.  or  12-5  cm.  behind  the  lens. 

Therefore  the  eye  must  be  receded  12-5-  11=1-5  cm.,  so  that  it  is  1-5+ 
1'5=3  cm.  behind  the  lens,  in  order  that  the  P.  R.  may  coincide  with  b. 
If  the  lens  were  - 10  D  we  have — 

a=  - 10  - 1=:  - 11  D.,  or  9  cm.  in  front  of  the  lens, 
6=  - 10  -  2=  - 12  D.,  or  8-25  cm.  in  front  of  the  lens ; 

so  that  the  eye  would  have  to  be  receded  -  8-25  -  ( -  9)=0-75  cm. 

Increased  artificial  Ac.  is  obtained  with  a  Cx.  by  ■  Mreasing  its  eiiectivity 
and  with  a  Cc.  by  decreasing  it;  lessened  artificial  Ac.  results  from  the 
reverse.  Therefore  increasing  the  interval  between  the  lens  and  the  eye 
produces  artificial  Ac.  with  both  +  and  -  lenses,  and  enables  a  person  to  see 
nearer,  provided,  in  the  case  of  the  Cx.,  that  the  object  be  not  nearer  the  lens 
than  2  F.,  after  completion  of  the  movement. 

Reducing  the  distance  decreases  the  artificial  Ac,  and  enables  a  person 
to  see  farther  away.  Thus  sujipose  vision  were  clear  at  50  cm.  with  a  H-7  D. 
at  1-5  cm.  from  the  eye;  what  is  the  distance  from  eye  to  lens  for  vision  at  oo  'i 

rt=7-2=5D.        6=7-0=7  D. 

The  eye  must  be  advanced  100/5-100/7=5-7  cm.,  but  since  the  original 
separation  was  onlv  1-5  cm.,  clear  vision  at  oo  cannot  be  obtained. 
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When  the  lens  is  strong,  and  near  to  the  eye,  and  the  distance  of  the 
object  great  compared  with  the  focal  length  of  the  lens,  no  material  error 
arises  from  taking  the  distance  of  the  object  as  from  the  eye  itself  instead  of 
from  the  lens.  This  approximation  is  not,  however,  permissible  when  the 
lens  is  weak,  or  the  object  very  near  or  the  lens  far  out  from  the  eye.  Also,  if 
the  latter  is  kept  stationary,  and  the  lens  moved  towards,  or  farther  away 
from  the  object,  the  distance  of  the  latter  is  no  longer  that  for  which  Ac.  is 
required,  but  in  most  cases  with  strong  lenses  the  error  is  so  small  as  to  be 
negligible. 

With  a  Cx.  lens  artificial  Ac.  can  be  produced  by  removal  of  the  lens  so 
long  as  the  distance  between  the  lens  and  the  object  is  greater  than  2  P.  but 
if  less,  or  becomes  less  when  the  lens  is  advanced,  no  artificial  Ac.  results. 
The  efTectivity  of  a  Cx.  increases  up  to  a  certain  point  and  then  decreases  down 
to  0  when  the  lens  touches  the  object.  Thus  a  Cx.  lens  needs  to  be  fairly  strong 
in  order  to  obtain  any  artificial  Ac.  for  near  objects;  if  the  distance  of  observa- 
tion be  33  cm.  it  must  be  stronger  than  6  D.  so  that  it  may  be  said  that  no 
increase  of  effect  is  obtainable  with  ordinary  spectacle  lenses  for  vision  within 
arm's  length  unless  these  be  over  5  D.  or  6  D.  in  power.  By  moving  the  head 
backwards,  however,  an  increased  effect  can  be  obtained  so  long  as  the  light 
be  convergent  after  traversing  the  lens,  that  is  so  long  as  the  object  is  beyond 
F.  of  the  lens,  but  little  utility  can  be  obtained  from  this  fact  since  the  dis- 
tance that  the  eye  would  need  to  be  receded  is  generally  greater  than  is 
practical. 

For  near  vision  we  can  reduce  the  effectivity  of  a  Cc.  lens  down  to  0,  which 
occurs  when  the  lens  touches  the  object  as  is  the  case  with  a  Cx.  But  with 
a  Cc,  by  removing  it  out  from  the  eye,  artificial  Ac.  can  be  obtained  equal  to 
the  power  of  the  lens.  The  limitation,  however,  is  reached  when  the  lens  is  in 
sucli  a  position  that  the  virtual  image  is  at  the  far  point. 

A  person  with  poor  accommodative  power,  who  uses  Cc.  lenses  or  strong 
Cx.  ones,  pulls  the  frame  down  the  nose  in  order  to  read.  He  might  do  the 
same,  even  if  the  Cx.  lenses  are  weak,  because  then  he  gets  a  larger  retinal 
image. 

LENS  ACTION. 

Effectivity  oJ  Lenses. 

Influence  of  the  Position  of  the  Lenses. — When  the  point  of  vision  is  at 
00,  the  eft'ective  value  of  a  Cx.  lens  increases  as  the  latter  is  farther  out  from 
the  eye,  while  that  of  a  Cc.  lens  decreases,  so  that  when  we  speak  of  so  many 
diopters  of  H.  or  M.  as  represented  by  the  correcting  lens,  there  is  actually 
more  H.  and  less  M.  respectively.  For  the  correcting  lens  to  be  numerically 
equal  to  the  refractive  error,  it  would  need  be  placed  in  the  principal  plane  of 
the  eye.  This  being  impossible  the  best  position  is  that  which  is  also  the  most 
convenient,  viz.,  as  near  to  the  tips  of  the  lashes  as  possible,  which  position 
does  not  often  differ  much  from  the  anterior  focal  plane ;  let  this  be  regarded 
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The  effective  value  of  a  lens  on  the  eye  for  parallel  light  can  be  written — 

100  D 

D'= 

100-rfD 

The  effectivity  D'g  for  a  near  object,  at  a  dioptric  distance  B  from  the 
lens,  is  as  follows: — • 

,  _    100  (D-B) 

Suppose  the  object  to  be  at  33  cm.  in  front  of  a  +5  D.,  and  a  -5  D.. 
respectively,  and  the  lens  at  I\ — 

100x2  ^         100x(-8) 


100-1-65x2      '  100-l-65x(-8) 

True  Optometric  Findings. — The  interval  between  the  lens  and  the  eye, 
and  the  varying  distances  of  the  object,  cause  changes  in  the  effective  value 
of  the  lens  on  the  optical  system  of  the  eye.  When  the  lens  D.  is  at  a  distance 
from  the  principal  plane,  the  true  near  and  far  points  P  and  II  are  the 
conjugate  foci  of  the  new  positions  P'  and  R',  from  which  the  light  must 
diverge  to  the  lens  in  order  that,  after  refraction  by  the  latter,  it  may  enter 
the  eye  proceeding  from  or  towards  the  true  P.  P.  or  P.  R.  For  convenience, 
and  as  in  previous  calculations  the  distance  of  the  lens  from  the  refracting 
plane  is  taken  to  be  1-65  cm.,  but  the  figures  representing  any  other  distance 
can  be  substituted,  if  necessary,  in  the  follo\ying  formulae,  where  all  the  terms 
are  in  diopters. 

lOO(R'-D)  _      lOO(P'-D) 

~"lOO+T-65  (R'  -  D)  ^""100+1-65  (P'^  D) 

A==P-R  A'=P'-R' 

Thus  suppose  with  a  +  5  D.  lens,  we  obtain  R'=3  D.  and  P'=:9  D.     By 
ordinary  calculations,  we  should  get — 

3  -  5=  -  2  D.  or  2  D.  H.  and  A'=9  -  3=6  D. 

The  true  values  are — 

100x{-2)  100x4 

«=rO0+-r65W)=  - '•"'  °-  '^=i00+i:65x-4=^-^="- 

A=3-75-(-2-07)=5-82  J). 

If,  with  a  +5  D.,  we  can  get  R'=7  and  P'=ll,  i.e.  there  is  api)arently  M.  2  D. 
with  A'=4  I).     But— 

100x2  100x6 

A=5-45  - 1-93=3-52  D. 
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Knowing  the  values  of  R  and  P,  we  can  get — 

100  R  loop 

^-^+ 100 -T65R  ^  ~    +  lOO^-TlVeSP 

and  since,  in  the  ordinary  way,  the  estimated  far  and  near  points  arc  found 
from  R'  -  D  and  P'  -  D,  we  can  see  that  it  is  the  distance  of  the  lens  from  the 
eye  only,  that  affects  the  measurement  of  a  given  far  or  near  point. 

In  H.  2  D.  with  an  Amp.  Ac.=6  D.,  and  with  a  +5  D.  lens,  by  the 
methods  indicated  we  find  that — 

R'=:306  D.  P'=9-28  D.  A'=6-22  D. 

In  a  case  of  M.  2  D.  with  an  Amp.  of  6  D.,  and  a  +5  D.  lens,  we  find— 

R'=7-07  D.  P'=14-22  D.  A'=7-15  D. 

The  differences  between  true  and  optometric  measurements  are  negligible 
in  ordinary  defects;  and  so  long  as  d,  the  distance  of  the  lens,  is  equal  to  F^  of 
the  eye,  the  optometric  P.  R.  is  the  same  numerically  as  the  correcting  lens. 

Effectivity  o£  Cylindrical  Lenses. — It  has  been  stated  in  previous  chapters 
that  (a)  a  certain  cyl.  at  a  certain  distance  d,  corrects  more  As.  if  Cx.,  and 
less  As.  if  Cc,  than  its  dioptric  number  indicates;  (6)  a  certain  degree  of 
ocular  As.  needs  a  weaker  -)-,  or  stronger  -,  cyl.  when  at  a  distance  d  from 
the  eye;  (c)  the  astigmatic  effect  of  a  given  cyl.  differs  with  the  power  of 
the  sph.  with  which  it  is  combined;  {d)  its  effect  differs  with  the  nearness 
of  the  object. 

The  whole  subject  resolves  itself  into  calculation  of  the  effectivities  of  the 
two  principal  powers,  instead  of  that  of  the  lens  as  a  whole,  as  when  it  is 
spherical.  Taking  the  distance  of  the  lens  as  being  always  1-65  cm.  from 
the  refracting  plane,  we  have  4  D.  As.  corrected  by  a  +3-74  D.  cyl.  or  a 
-4-3  D.  cyl.,  or,  reversing  the  condition,  a  +4  D.  cyl.  corrects  4-3  D.  ocular 
As.,  and  a  -4  corrects  3-74  D.;  the  formulae  are  the  same  as  for  sphericals, 
each  principal  meridian  being  calculated  separately. 

The  differences  that  occur,  owing  to  the  combination  of  the  cyl.  with  a 
sph.,  and  to  nearness  of  the  object,  can  be  best  shown  by  a  few  examples,  as 
follows.     Distances  of  the  object  are  taken  as  from  the  lens. 

+  4  D.  sph.  o  +4  D.  cyl.  has  powers  of  -f  4  D.  and  -f  8  D.,  whose  effec- 
tivities are  +4-28  D.  and  +9-22,  so  that  the  As.  corrected  is  4-94  D. 

The  same  combination  for  vision,  at  33  cm.,  has  effectivities  of  +1'02  D. 
and  -f  5-45  D.,  the  astigmatic  difference  being  then  4-43  D. 

A  combination  of  - 4  D.  sph.o  - 4  D.  lyi.  has  effective  values  of  -  3-75  1  >. 
and  -  7-07  D.,  the  As.  corrected  being  3-32  1). 

The  same  lenses,  for  vision  at  33  cm.,  have  effectivities  of  -t)-27  D.  anti 
-9-31,  showing  3-04  D.  As.  corrected. 

The  higher  power  Cx.  loses  more  of  its  cffectivity,  from  the  divergence  of 
the  light,  than  docs  the  lower  Cx.;  the  higher  Cc.  increases  less  than  does 
the  lower  Cc. ;  so  that  in  both  these  cases  shown,  there  is  less  astigmatic  effect 
in  near  than  in  distant  vision. 

:^0 
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EKectivity  of  Prisms  and  Prismo-Sphericals. 

The  True  Effects  of  Prisms  and  Prismo-Sphericals  on  the  Fixation  Lines.— 

Although,  for  practical  purposes,  it  suffices  to  reckon  the  deviation  of  the 
visual  axis  as  equal  to  that  caused  by  the  prism,  yet  actually  this  is  not  usually 
the  case.  The  deviation  of  the  eye  is  equal  to  the  angular  deviation  of  the 
prism  only  when  a  piano-prism  is  emj^loyed  and  the  object  viewed  is  at  oo. 

Prism  and  Object  at  oo.— In  Fig.  93  let  C  be  the  centre  of  rotation  of  an 
eye,  in  front  of  which  is  a  piano-prism.  Then  parallel  light,  from  an  object 
^  at  oo,  will  be  deviated  through  the  angle  8,  so  that  the  eye  must  rotate 


Fici.  93. — Object  at  oo. 

through  the  angle  r  in  order  to  receive  the  image  on  the  macula  M'.  Since 
the  angles  8—A'PB  and  i=ACB  are  equal,  it  follows  that  the  angular  rotation 
of  the  visual  axis  is  equal  to  the  angular  deviation  of  the  prism. 

Prism  and  Object  at  a  Near  Distance. — Let  A  in  Fig.  94  be  the  object  at 
u  finite  distance  aii&BPV  the  ray  which,  after  refraction,  passes  through  the 
centre  of  rotation  C  of  the  eye.  Then  the  total  deviation  o  of  the  prism  is 
APE,  while  ACB  is  the  angle  r  through  which  the  eye  is  rotated  in  order  to 
bring  the  macula  M'  to  the  image.  The  angle  ;•  is  less  than  S,  so  that  the 
deviating  effect  of  a  prism  on  the  eye  is  less  than  in  distant  vision;  or  if  a 
certain  deviation  of  the  eye,  when  viewing  an  object  at  a  given  distance,  is 
needed,  a  prism  of  greater  angular  deviation  is  required. 

Let  b  be  the  distance  of  the  object  A  to  the  prism,  and  let  the  distance 


r  A 


Fig.  94. — Object  at  a  Finite  Distance. 


of  the  centre  of  rotation  C  to  the  prism  be  taken  as  2-5  cm.  Then  if  we 
express  the  displacement  t,  of  A,  caused  by  the  prism,  in  cm.  and  the  distance 
6  in  metres,  the  actual  power  of  the  prism  in  prism  diopters  is  t/b.     But 
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the  effect  on  the  eye  is  that  o£  l/AC  aud  since  /1C=6+''J25  metres  we  get, 
as  the  actual  effect  of  the  prism  on  the  eye — 

t 
64-025 

.Since   t/b^=^   and   //(6-}--025)=A'  where  A  is  the  |)ri.smatic    power   in 
prism  diopters  and  A'  is  its  effective  power  on  the  eye,  we  get  the  equation — 

A6=A'(64-025), 
whence 


,      A'(64-025)  ,,        A6 

A-^         -    or  A  ^;=.  -  - - 


6  "^"  "^      &-f-025 

Suppose  the  object  to  be  at  20  cm.  in  front  of  a  o^.     The  effect  on  the 

eye  will  be — 

5X-20 
A'=  =444 

•20+ -025 

Thus  tlie  powei  of  a  prism  to  cause  deviation  of  the  visual  axes  is  less  as 
the  object  viewed  is  near,  aud  if  a  certain  prismatic  effect  is  required  in  near 
vision,  a  stronger  prism  must  be  employed.  Suppose  5-^  effect  is  needed  for 
vision  at  40  cm.  from  the  prism ;  then — 

5(40+-025)     _ 

Deviation  of  Prismo-Sphericals  for  Distant  Objects.  —If  a  spheiicnl  km  in 
decenlred  [i.e.  a  virtual  prism)  its  deviatimj  effect  is  precisely  the  same  as  if 
it  were  combined  ivith  a  certain  prism,  the  prismatic  effect  being  calculated  from 
the  distance  between  the  optical  and  geometrical  centres.  The  direction  of 
the  visual  axis,  when  looking  through  a  prismo-spherical,  is  not,  however, 
through  the  geometrical  centre  of  the  lens,  but  through  some  other  point, 
with  the  result  that  the  prismatic  effect  of  a  Cx.  sphero- prismatic  lens  is 
liceater,  and  that  of  a  Cc.  is  less,  than  that  indicated  by  the  actual  or  virtual 
prism. 


0 

Fia.  05. — Objkct  at   oo. 


In  Fig.  '.t5  the  geometrical  centre  of  the  lens  is  G  and  the  optical  centre  is 
0.  When  the  object  is  at  oo  the  initial  direction  of  the  eye  is  CG,  but  with 
the  lens  in  position  the  light  is  deviated  and  tends  to  converge  to  the  focus 
t\  and,  in  order  to  receive  the  image  on  the  macula,  the  eye  must  deviate 
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tlirougli  the  angle  r.  Owing  to  the  appreciable  interval  between  the  lens 
and  the  centre  of  rotation  0,  the  eye  must  turn  to  receive  the  more  strongly 
deviated  ray  B.G.  The  actual  prismatic  deviation  at  the  geometrical  centre 
G  is  represented  by  the  angle  S=zAGF'  which  is  less  than  the  angle  r=^ACR. 
Therefore,  with  a  convex  sphero-prism  the  deviation  of  the  eye  is  greater  than 
the  prismatic  effect  calculated  for  the  geometrical  centre  of  the  decentred 
lens,  or  that  of  the  added  prism. 

With  a  concave  prismo-spherical  we  have  the  reverse  condition.  Here 
(Fig.  96)  r^^GCR,  the  angular  deviation  of  the  eye,  is  less  than  5,  the 
calculated  deviation  produced  at  the  geometrical  centre  by  the  decentration 
or  by  the  added  prism. 

It  will  be  seen  that  the  increase  or  decrease  in  prismatic  effect  is  due  to 


F 

Fig.  96. — Object  at   go. 

the  effectivity  of  the  lens,  resulting  from  its  position  in  front  of  the  eye- 
This  separation  causes  the  visual  axis  to  be  directed  along  a  line  represented 
by  the  direction,  after  refraction,  of  some  ray  other  than  that  wh  ich  passes 
through  the  geometrical  centre  of  the  lens.  Now  we  know  that  if  C  be  the 
decentration  of  a  lens  in  cm.  and  D  its  dioptric  power,  the  prismatic  effect  in 
the  region  of  the  new  geometric  centre  is — 

A=DC 

We  also  know  that  the  effectivity  D'  of  a  lens  when  advanced  a  distance 
d  in  cm.  and  in  metres  respectively  is — 

^,       lOOD  ,       ,        D 

Taking  tZ=2-5  cm.  as  before,  the  effectivity  in  the  plane  of  the  centre  of 
rotation  of  the  eye  is — 

D 

D'= 

1  -  -025  D 

and^if  C  be  the  actual  decentration  in  cm.,  the  prismatic  effect  at  the  centre 
of  rotation  is — 

DC 


1  -  -025  D 


But  the  expression  DC  is  the  nominal  prismatic  effect  which  is  represented 
by  A.     Therefore  the  effective  prismatic  power  A'  of  a  decentred  lens,  or  of 
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a  lens  combined  with  a  prism,  2-5  cm.  from  the  centre  of  rotation  of  the 
eye  is — 

For  example,  a  +10  D.  lens  is  decentred  -5  cm.  for  the  nominal  power 
of  lOx  •5=5-^  or  it  is  combined  with  a  prism  of  5-^  ;  what  is  the  ai  tiial  eflect 
A'  on  the  eye  for  distant  objects  ? 

.,  5 

Or,  conversely,  what  prism  must  be  added  to  a  -|-10  D.  lens  in  order  to 
obtain  an  actual  effect  of  5-^  ? 

A=5(l--025xl0)=3-75 

Or  the  lens  must  be  decentred  3-75/10=-375  cm.  and  not  -5  cm.  as  is 
usually  calculated. 

A  - 10  D.  lens  combined  with  a  5-^  prism  has  the  efiect  of — 

1  -  •025(  - 10) 

Or  to  obtain  an  actual  effect  of  5-^  there  must  be  added  to  it — 

A=5[l  -  -025  X  (  - 10)]=6-25 

Prismo-Sphericals  and  Near  Objects. — When  the  object  is  at  a  finite 
distance  the  same  arguments,  in  general,  apply,  but  instead  of  D.  the  power 
of  the  lens,  we  must  consider  the  conjugate  dioptric  power  for  a  distance /j 
in  cm.  of  the  object. 


Fig.  97. — Object  at  a  Near  Distance. 

Let  the  object  /^  be  beyond  the  focal  distance  (Fig.  97)  of  a  convex 
sphero-prism,  such  that/,  is  the  conjugate  image.  Then,  as  before,  the  angle 
r^^CR  represents  the  rotation  of  the  eye  which  is  greater  than  the  devia- 
tion 6=:/j^/'2  at  the  geometrical  centre  G.  If,  however,  the  object  be  within 
the  focal  distance,  the  effect  on  the  eye  is  less  than  that  at  G,  while  if  the 
object  be  at  the  focal  distance  of  the  lens,  the  prismatic  effect  is  that  of  the 
actual  or  virtual  prism. 

As  will  be  seen  from  the  next  diagram  (Fig.  98)  the  ocular  deviation,  with 
a  concave  prismo-sphere,  is  always  less  than  the  nominal  deviation. 

Here  fiGf.>—'^  the  lens  deviation,  and  fjCf.,—r  the  ocular  rotation,  and 
it  will  be  •'een  that  /•  is  less  than  5  for  any  distance  of  the  object.     To  calcu- 
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late  the  actual  prismatic  effect  on  the  eye,  in  near  vision,  caused  by  a  prism 
combined  with  a  sphere,  or  by  a  decentred  lens,  we  have  to  substitute  for  D, 


Fig.  98. — Object  at  a  Near  Distance. 


the  power  of  the  lens,  the  conjugate  focal  power  corresj)onding  to  a  distance 
in  cm.  of  the  object.  Taking,  as  before,  the  distance  of  the  centre  of  rotation 
behind  the  lens  as  2-5  cm.,  the  calculations  simplify  to  the  following  formulae : 


A'= 


'l--025D.+2-5//i 


or  A=A'  (1  -  -025  D.+2-5//i) 


For  example,  a  -[-10  D.  lens  is  decentred  -5  cm.  or  it  is  combined  with  a 
5^.  What  is  its  effect,  in  prism  diopters,  on  the  eye  if  the  object  be  at 
20  cm.? 


A'=- 


5 


=-,^=5-7 


•75+-125     -875 

Conversely  what  prism  must  be  added  to  a  +10  D.  lens  to  obtain  the 
effect  of  5^  when  the  object  is  at  20  cm.? 

A=5  (•75+-125)=4-375 

Or  the  necessary  decentration  would  be  4*375/10=-4375  cm. 

With  a  - 10  D.  lens  combined  with  5-^  and  the  object  at  20  cm.  we  get — 


A'=, 


1-25+-125 


=3-63 


Or  to  obtain  the  true  effect  of  5-^  for  vision  at  20  cm.  the  prism  added  to 
- 10  D.  would  be— 

A=5  (l-25+-125)=6-875. 

Other  Prismatic  Changes. — In  the  previous  articles  the  lenses  are  presumed 
to  be  accurately  centred  for  distance,  or  near  work  as  the  case  may  be,  but 
prismatic  effects  are  introduced  or  changed  by  the  action  or  relaxation  of  con- 
vergence and  also  by  lateral  and  vertical  rotation  of  the  eyes;  these  effects 
and  those  due  to  lens  displacement  are  quite  independent  of,  and  are  additional 
to,  those  due  to  nearness  of  object  and  to  the  combination  of  a  spherical  and 
a  prism  or  to  original  decentration  of  lenses. 
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Calculations  on  Unintentional  Decentrations. 

These  arise  from  («)  rotation  of  the  eyes.  (6)  convergence,  (c)  badly  fitting 
frames. 

Prismatic  Effect  due  to  Convergence. — If  a  pair  of  lonsos  j)roperly  adju-nt^d 
for  ilistaiit  virion  air  uxd  fur  mai  work,  the  eyes  hciiig  then  converged, 
eacii  lens  is  decentred  out,  the  otfcft  being  negative,  or  ba.se  out,  with  Cx. 
lenses  and  positive,  or  base  in.  with  concaves.  The  total  prismatic  effect 
caused  by  convergence,  calculated  in  the  ordinary  way,  is  - 

where  D,  and  D.^  are  the  powers  of  the  two  lenses  and  0  the  displacement  in 
cm.  of  the  one  visual  line  in  the  plane  of  the  lenses.  The  above  is  nominal 
and  the  actual  eflfect  A'  would  have  to  be  found  by  the  formula'  previously 
given.  If  the  reading  distance  be  33  cm.  the  displacement  of  each  visual  line 
is  approximately  -2  cm.  and  the  prismatic  etfcct  produced  is  A  --2  I).,  where 
I)  is  the  horizontal  power  of  the  lens. 

If.  for  example,  the  two  lenses  are  +3  D.,  then — 

Ar=(-f.3-f3)x  •2=1-2 

If  the  one  lens  i.s  Cx.  and  the  other  Cc.  the  effect  on  convergence  is  lessened, 
and  if  they  are  equal  as,  say,  -f  3  D.  and  -3D.  their  sum  is  0  and,  although 
they  cause  lateral  displacement  of  the  visual  axes,  they  have  no  effect  on 
convergence. 

If  prisms  added  to  sphericals,  or  decentred  sphericals,  geometrically 
centred  for  distance,  are  used  in  near  vision,  the  prismatic  effect  Ls  consider- 
ably changed  by  the  convergence,  according  as  the  prisms  and  Icn.ses  are  —  or 
-  .  These  last-mentioned  changes,  from  the  effects  in  distant  vision,  and  duo 
to  convergence,  are  that  -  • 

-f-Ienses  with  -  prisms  (base  out)  have  increased  effect, 
-flenses  with  +  prisms  (base  in)    have  decreased  effect, 

-lenses  with   f- prisms  have  decrea.sed  effect. 

-  lense.s  with  -  prisms  have  increased  etTe«  t. 

Since,  as  shown  in  the  previous  articles.  Cx.  lense-s  cause  increased  effect 
when  the  object  is  beyond  K.  anil  decreased  when  the  object  is  within  F. 
while  Cc.  lenses  always  cause  a  decreased  effect,  these  changes  may  be  still 
further  increa.sed  or  they  may  be  decreased,  neutralized  or  rcverMni  by  non- 
coincidence,  due  to  convergence  or  otherwise,  of  thf  visual  lines  with  thf 
geometricallv  ciMitial  line-*  of  tho  lenses. 

Prismatic  Effect  due  to  Rotation.  -If  len-s^s  are  centred  when  the  eyew 
are  directed  .•'tr.iight  forward  to  an  object  at  x.  prismatic  effect  is  introiluced 
on  laterally  rc)tating  the  eye.s.  The  effect  varies  as  the  lense.s  are  strong  or 
weak,  of  equal  or  unequal  i>owers.  and  of  similar  or  dissimilar  nature.    The 
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effect  also  varies  as  lateral  or  vertical  rotation  occurs  in  convergence  and  as 
the  point  of  convergence  is  near,  the  two  visual  lines  of  course,  being  equally 
displaced  on  rotation.  If  D^  and  Dg  be  the  two  lenses  and  C  the  displace- 
ment in  cm.  of  each  visual  line  in  the  plane  of  the  lens,  the  horizontal  effect, 
when  looking  sideways  at  a  distant  object,  or  the  vertical  effect  when  looking 
up  or  down,  is  A=  (D^^D^)  C. 

This  efiect,  on  looking  sideways,  or  upwards  or  downwards,  results  from 
both  lenses  being  decentred  to  the  right,  left,  down  or  up.  If  the  lenses 
are  similar  and  equal,  Di'^D2=0,  and  they  merely  cause  both  eyes  to  rotate 
equally  more,  or  less,  than  they  would  do  if  there  were  no  lenses  before  them, 
and  since  the  action  is  harmonious  it  does  not  cause  strain  on  the  muscles. 
If  the  lenses  are  unequal  in  power  and  especially  if  the  one  is  Cx.  and  the 
other  Cc,  there  is  efiect  on  convergence  when  the  eyes  are  laterally  displaced, 
since  the  difierence  between  Dj  and  Do  is  no  longer  0.  In  addition  there  is  an 
effect  on  the  vertical  muscles  when  looking  up  or  down. 

Thus  suppose  0.  D.  =+1  S.  and  0.  S.=  -4  S.  and  the  eyes  are  lowered 
and  turned  to  the  right  each  -5  cm.  The  difference  being  5  D.,  the  Hor. 
effect  is  5  X  •5=2-5  A  base  in  and  the  Ver.  effect  is  2-5  A  base  down  0.  S. 
If  the  lenses  were  0.  D.+l  S.  and  0.  S.+4  S.  the  Hor.  effect  would  be  that 
of  a  (4~1)  X  •5=1-5  A  base  out  and  the  Ver.  effect  would  be  1-5  A  base 
up  0.  S. 

When  the  lenses  are  unequal  horizontal  rotations  cause  artificial  Eso.  or 
Exo.  and  vertical  ones  cause  artificial  Hyper,  or  Hypo.  These  effects  are 
best  shown  by  the  worked  examples  as  follows.  To  avoid  unnecessary 
repetition  let  the  deviation  of  the  lenses,  with  respect  to  the  visual  axes,  be  in 
all  the  examples,  -5  cm.     R.  indicates  the  right,  and  L.  the  left  eye. 

R.+i  D.,  L.+2  D.  On  rotation  to  the  right,  R.=4x-5=2^  base  in, 
L.=2x  -S^l"^  base  out,  so  that  the  effect  on  Con.  is  2  - 1=1'^  base  in. 

On  rotation  downwards — R.=4X'5=2'^  base  up,  L.=2X'5=1'^  base  up, 
so  that  the  effect  is  2  - 1=1^  base  up  R.  E. 

R.+3  D.,  L. -2  D.  On  rotation  to  the  right,  R.=3x-5=l-5-^  base  in, 
L.=2x-5=1'^  base  in,  so  that  the  effect  on  Con.  is  1-5+1=2-5-^  base  in. 

On  rotation  downwards — R.=3x -5=1-5-^  base  up,  L.=2x-5=n  base 
down,  so  that  the  effect  is  l-5-|-l=2-5-^  base  up  R.  E. 

If  the  lenses  are  of  similar  nature  the  effect  is  that  resulting  from  the 
difference  between  the  two.  If  they  are  of  dissimilar  nature  the  effect  is 
that  resulting  from  the  sum  of  the  two. 

When  looking  obliquely  at  a  near  object  there  is  both  convergence  and 
lateral  displacement,  the  latter  being  greater  for  the  one  eye  than  for  the 
other  and  the  total  effect  of  the  two  varies  accordingly.  The  total  effect  is 
that  due  to  rotation  plus  that  due  to  convergence,  each  being  calculated 
separately;  the  one  may  increase,  decrease  or  neutralize  the  other. 

Effects  due  to  Frames. — Similar  effects  to  those  produced  by  convergence 
and  rotation  may  be  caused  by  badly  fitting  frames;  here  again  the  eyes 
have  been  presumed  to  be  equally  displaced  on  convergence  or  rotation,  both 
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lenses  being  centred  for  some  one  position  of  the  visual  axes ;  this  does  not,  of 
necessity,  occur  since  the  distance  of  each  eye  from  the  median  line  may  not 
be  the  same. 

When  a  frame  is  too  wide  or  too  narrow,  or  too  high  or  too  low,  the 
effects  resulting  are  similar  to  that  of  convergence  for  the  former  and  to 
that  of  rotation  for  the  latter,  as  shown  in  the  following. 

A  frame  is  5  mm.  too  narrow,  then  each  lens  is  decentred  in  -25  cm.  If  the 
lenses  are  E.  +4  D.  and  L.  +4  D.  we  have  1-^  base  in  for  each  eye  or  a  total 
of  2^. 

With  R.  +4  D.  and  L.  -  4  D.,  then  the  R.  is  base  in  and  the  L.  is  base  out 
and,  although  there  is  a  lateral  efiect,  there  is  none  on  Con. 

With  R.  +4  D.  and  L.  -  2  D.  the  effect  is  4  -  2=2  X  •25=-5^  base  in. 

If  the  frame  is  too  high  -5  cm.,  each  lens  is  "up,"  and  if  they  are  equal  no 
artificial  Hyper,  results  but  increased  or  decreased  rotation  of  the  eyes  is 
necessitated. 

With  R.+4  D.  and  L.  +  l  D.  there  is  the  effect  of  4 -l=3x-5=l-5^ 
base  up  R.  E. 

With  R.+3  D.  and  L.  -  2  D.  there  results  3x  •5=l-5-^  base  up  R.  E.  and 
2x-5=l^  base  down  L.  E.  or  a  total  effect  of  l-5+l=2-5^  on  the  vertical 
muscles. 

If  a  frame  is  too  wide  with  Cx.  or  two  narrow  with  Cc.  lenses,  these  relieve 
Esophoria  or  cause  artificial  Exophoria;  if  it  is  too  narrow  the  reverse  results. 

Further  Effects. — Prisms  are  numbered  and  their  power  considered 
according  to  their  minimum  deviation,  but  they  have  an  increased  effect 
on  the  eyes  when  the  incidence  of  the  light  is  other  than  that  of  minimum 
deviation.  This  has  particular  influence  in  near  vision  and  when  the  prisms 
are  base  out;  also  the  spherical  aberration  of  a  decentred  lens  increases  the 
prismatic  action  over  and  above  the  calculated  effect. 

Total  Effects. — The  various  effects  due  to  different  causes  are  bewilderingly 
great,  but  may  generally  be  ignored  in  the  case  of  weak  lenses  and  weak 
prisms  and,  moreover,  they  frequently  counteract  one  another  to  some  degree. 
The  variations  in  effect  point,  however,  to  the  necessity  for — 

1.  Testing  muscles  with  corrective  lenses  and  at  the  required  distances. 

2.  Fitting  frames,  as  accurately  as  possible,  for  the  distance  at  which 
they  are  mostly  used. 

3.  Fitting  frames  so  as  not  to  throw  strain  on  iveak  muscles. 

4.  Looking  for  the  cause  of  continued  asthenopia  in  the  fit  of  the  frame. 
Calculations  for  the  conversion  of  prism  power  from  one  notation  to 

.another,  for  the  decentring  of  sphericals  and  cylindrical,  for  resultant  prisms, 
for  resultant  decentrations,  etc.,  are  to  be  found  in  "  General  and  Practical 
Optics." 
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Lens  Calculations. 
Adding  Lenses.^ — It  is  often  very  convenient  to  add  a  lens  to  a  combination 
in  the  trial  frame,  instead  of  changing  one  or  both  lenses.  The  effect  of  adding 
a  sph.  is  simply  to  increase  or  decrease  the  original  sph.  element,  the  cyl. 
remaining  unchanged;  when  a  cyl.  is  added,  with  its  axis  corresponding  to 
that  of  the  original,  the  latter  is  similarly  altered  while  the  sph.  is  not.  Other 
additions  result  as  follows : — 

With  a  4-  sph.  o  +  cyl. 

Adding  a  +  cyl.  at  right  angles  increases  the  sph.  and  reduces  the  cyl. 

Adding  a  -  cyl.  at  right  angles  reduces  the  sph.  and  increases  the  cyl. 

With  a  -  sph.  c>  -  cyl. 

Adding  a  -j-  cyl.  at  right  angles  reduces  the  sph.  and  increases  the  cyl. 

Adding  a  -  cyl.  at  right  angles  increases  the  sph.  and  reduces  the  cyl. 

With  a  +  sph.  o  -  cyl. 

Adding  a  -j-  cyl.  at  right  angles  increases  both  sph.  and  cyl. 

Adding  a  -  cyl.  at  right  angles  reduces  both  sfh.  and  cyl. 

With  a- sph.  o  +cyl. 

Adding  a  +  cyl.  at  right  angles  reduces  both  sph.  and  cyl. 

Adding  a  -  cyl.  at  right  angles  increases  both  sph.  and  cyl. 

An  example  will  render  this  clearer ;  it  is  merely  a  matter  of  transposition 
to  find  out  the  change  of  difference  between  the  principal  powers. 
Thus  with  +1-0  S.  o  +  1-0  C.  Ax.  90°. 

Added  Lens.  Result. 

+  -5  cyl.  ax.  90°.  +  1  sph.  O  +  1-5  cyl.  ax.  90°. 

-  -5  cyl.  ax.  90°.  +  1  sph.  O  +-5  cyl.  ax.  90°. 
+  •5  cyl.  ax.  180°.  +  1-5  sph.  o  +'5  cyl.  ax.  90°. 

-  -5  cyl.  ax.  180°.  +  -5  sph.  O  +  1-5  cyl.  ax.  90°. 
+  1  cvl.  ax.  90°.  +  1  sph.  0+2  cyl.  ax.  90°. 

-  1  cyl.  ax.  90°.  +  1  sph. 
+  1  cyl.  ax.  180°.  +  2  sph. 

-  1  cyl.  ax.  180°.  +  2  cyl.  ax.  90°. 

With  +1-0  S.  o  -  2  C.  Ax.  180°. 

Added  Lens.  Result. 

+  -.5  cyl.  ax.  90°.  +  1-5  sph.  O  -  2-5  cyl.  ax.  180°. 

-  -5  cyl.  ax.  90°.  +  -5  sph.  O  -  1-5  cyl.  ax.  180°. 
+  •5  cvl.  ax.  180°.  +  1  sph.   O  -  1-5  cyl.  ax.  180°. 

-  -5  cyl.  ax.  180°.  + 1  sph.  Z:  -  2-5  cyl.  ax.  180°. 

The  application  of  these  rules  is,  sometimes,  very  useful  in  practice  in 
quickly  determining  whether  more  sph.  and  less  cyl.  or  less  sph.  and  more 
cyl.,  etc.,  would  be  better  in  any  particular  test.  In  some  trial  cases,  there ' 
is  supplied  a  special  cross-cyl.  giving  opposite  powers,  of,  say,  -  -25  and 
+  •25  or  --.50  and  +-50,  which  serves  a  similar  purpose,  but  equally  good 
results  can  be  secured  by  the  intelligent  application  of  weak  piano  cyls.  as 
described  above.  In  these  calculations  changes  due  to  effectivity  have  not 
been  considered. 
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Alteration  oJ  a  Cyl. — The  alteration  of  the  power  of  a  cylindrical  is  not  the 
same,  il"  sui  li  ho  made  before,  and  after,  transposing  the  combination.  Thus 
suppose  the  combination  of  +4  sph.  o  +2  cyl.  axis  90°.  If  the  cyl.  be 
reduced  to  -{-l-o.  the  powers  are  +4  Ver.  and  -{-ii-'j  Hor.  If  the  combination 
is  transposed  to  +6  sph.  o  -  2  cyl.  axis  180°  and  the  cyl.  be  changed  to  -  1-5 
we  get  powers  of  +4-5  Ver.  and  -j-G  Hor..  although  the  change  in  the  diflfer- 
ential  power  is  the  same  whether  the  cyl.  be  changed  before  or  after  transposing. 
The  combination  of  +2  sph.  o  -  4  cyl.  axis  180°  is  the  same  as  -  2sph.  o  +4 
cyl.  axis  90° ;  but  reducing  the  cylindrical  element  -5  D.  causes,  in  the  first 
case,  the  Ver.  power  to  be  lessened  and.  in  the  second  case,  the  Hor.  j)ower, 
while  the  other,  in  both  cases,  remains  unaltered. 


Missing  Lens  of  a  Bifocal. 

If  from  a  bifocal  one  part  of  one  of  the  lenses  is  missing,  it  can  be  calculated 
as  follows:  Suppo.se  B'  in  Fig.  99  were  mi.ssing.  Its  cyl.  element  is  the 
same  as  that  of  A';  its  sph.  is  the  same  as  that  of  A'  plus  the  same  difference 
as  there  is  between  A  and  B.  If  the  cemented  segment  only  is  absent,  its 
power  is  that  of  the  segment  of  B. 


Fig.  99. 

For  example,  suppose — 

A  is  +3-0  S.  o  +2-0  C.  Ax.  40°,  and  B  is  +4-5  S.  o  +2-0  C.  Ax.  40'. 

A'  is  +1-0  S.  o  -3-0  C.  Ax.  120°; 
Since  the  difference  between  B  and  A  is  4-5- 3=1 -o  D.  we  must  add  this 
quantity  to  A'  so  that  B'  is  +2-5  S.  o  -3-0  C.  Ax.  120  . 

Again.  sup])ose  A  and  B  are  as  above,  while  A'  is  missing.  If  B'  is  -  -5  S.  o 
-  in  C.  Ax.  20  then  A  is  -  2-0  S.  o  -  lo  C.  Ax.  20°.  because  A  -  B=3  -  4-5 
=  -1-5  D. 

Sbmetimes  it  is  necessary  to  transpose  one  of  the  len.*<es  in  order  to  find  the 
difference  between  the  upper  and  the  lower,  thus; 


A=  -  -75  S.  o  -  -7.-)  C.  Ax.  170-^ 
B=+-50  S.  o  -r-7r>  C.  Ax.  80 


A'=-l-75C.Ax.20= 


A  can  be  transposed  into  -1-50  S.  cr  r'75  C.  Ax.  80  and  B-A^-f'oO- 
(-  I'oO)  — -i-2.  so  that  B'  is  +2  S.  o  -  1-75  V.  Ax.  20 \  which  again  can  be 
transposed  into +-25  S.  o  -\-l-lo  V.  Ax.  ll(V\if  required  to  make  it  conform 
more  with  B. 
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KERATOMETRY 

Ophthalmometey  or  keratometry  is  the  measurement  of  corneal  curvature 
and  especially  the  dijference  of  curvature  existing  on  an  astigmatic  cornea. 
The  latter,  having  a  brilliant  reflecting  surface,  acts  as  a  convex  mirror  and 
the  laws  governing  the  conjugate  foci  of  mirrors  may  be  applied  to  the  cornea 
itself. 

Let  MM'  be  any  convex  mirror,  AB  an  object  and  A'B'  its  virtual  image. 
Let  /j  and  f^  be  their  respective  distances  from  the  mirror  of  which  C  is  the 
centre  of  curvature  and  r  is  the  radius.     Then  we  have — 


A'B' 

'ab' 


K,-'\ 


B^ 


--/. 


Fig.  100. 


But  if  the  mirror  MM'  is  of  great  curvature  like  the  cornea,  and  the 
object  AB  at  a  great  distance  compared  with/,,  we  may  assume  that  A'B'  is 
formed  at  the  principal  focus.     We  may  therefore  write — 


/2=F=, 


whence 


2AI 
'  0 


r       I 


Thus  knowing  the  distance  and  size  of  the  object,  and  the  size  of  the 
image,  we  can  calculate  the  radius  of  curvature  of  the  cornea  under  con- 
sideration. Then,  having  given  the  radius  of  the  cornea  and  its  index  of 
refraction,  we  can  calculate  Da  the  anterior  focal  power,  in  terms  of  which  all 
ophthalmometers  are  scaled,  the  combined  cornea  and  aqueous  being  con- 
sidered as  a  single  refracting  surface. 

31 
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The  anterior  corneal  focal  poiver  is  represented  by  the  equation — 
_1000(/^-l)_.337-5 
■^  r  r 

where  r  is  the  radius  and  /.t  the  mean  index  of  the  cornea  and  aqueous.  It  is 
customary  to  take  the  index  as  1-3375,  so  that,  from  the  above  equation,  a 
radius  of  7-5  mm.  corresponds  to  a  power  of  exactly  45  D.  This  is  con- 
venient, because  the  instrument  can  be  easily  checked  by  a  standard  sphere 
of  15  mm.  diameter.  The  following  table,  first  constructed  byJaval  and 
Schiotz,  gives  the  radii  corresponding  to  a  few  powers,  as  calculated  from  the 
above  expression: — 


Powers  in  D.'s 

.       40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

Radius  in  mm. 

.     8-44 

8-23 

8-04 

7-85 

767 

7-50 

7-34 

7-18 

7-03 

6-89 

?=*5 

1^ 


The  average  radius  of  curvature  is  said  to  be  about  7-8  mm.,  correspond- 
ing to  a  power  of  about  43  D.,  and  most  cornese  will  be  found  to  possess 
approximately  this  cui-vature.  It  is  rare  to  find  the  power  dropping  below 
40  D.,  or  rising  higher  than  48  D.,  but  readings  may  range  from  38  D.  to 
50  D.  in  eyes  not  markedly  ametropic.  The  curvature  depends  upon  the 
general  development  of  the  eye;  thus  naturally  large  emmetropic  eyes  have 
a  lower  corneal  curvature  than  small  emmetropic  eyes.  In  using  the  ophthal- 
mometer the  general  curvature  denoted  may  be  useful  in  furnishing  data  for 
averages  and  is  interesting,  but  it  is  not  indicative  of  the  general  Am.  of  an  eye ; 
the  real  utility  lies  in  the  differential  cm-vatures  indicated  in  As. 

The  Mire. — In  Fig.  100,  the  object  AB,  used  to  measure  the  corneal  power 
with  the  single-position  keratometer,  is  termed  the  mire;  in  the  two-position 
instruments  two  objects  or  mires,  corresponding  with  the  extremities  A  and  5, 
are  employed.  The  size  of  the  image  A'B',  being  inversely  proportional  to 
the  corneal  curvature,  is  small  as  the  latter  is  high  and  vice  versa./  By  means 
of  some  device,  the  image  is  doubled  to  an  extent  equal  to  the  size  of  the 
whole  image;  thus  the  doubling,  together  with  the  size  and  distance  of  mire, 
are  so  arranged  that  the  extremity  j'  of  the  one  image  is  brought  into  contact 
with  B'  of  the  other,  when  the  cui-vature  is  normal.  They  will  separate  when, 
owing  to  a  high  curvature,  the  images  are  smaller  and  will  overlap  when,  on 
account  of  a  lower  curvature,  they  are  larger.  When  they  thus  overlap  or 
separate,  contact  can  be  obtained  by  increasing  or  decreasing  the  distance 
between  the  mires,  or  by  increasing  or  decreasing  the  amount  of  doubling. 
This  point  is  best  ilHistrated  by  means  of  the  following  diagrams,  which  are 
exaggerated  for  the  purpose  of  illustration. 

Let  the  mire  be  of  such  a  form  that  its  general  outline  is  circular,  and  we 
will  suppose  that  exact  contact  J/^  (Fig.  101)  of  the  doubled  images  is  obtained 
with  a  certain  curvature.  If  now  the  latter  be  decreased  the  images  will 
become  larger  and  their  extremities  overlap  as  in  M.,,  while  if  the  curvature 
increases  the  images  will  become  smaller  and  will  therefore  separate  as  in  J/;,; 
for  convenience  actual  change  in  the  sizes  of  the  images  has  been  omitted 
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from  the  diagram.  But  for  purposes  of  observation  it  is  necessary  to  have 
some  definite  reference,  or  contact  points,  which,  in  this  instance,  take  the 
form  of  small  cross  limbs  L^  at  right  angles  to  the  long  diametral  limbs  L.„ 
and  it  is  very  important  to  remember  that,  owing  to  their  initial  position,  we 
may  get  an  apparent  contradiction  of  the  above  statement.  For  example,  if 
the  short  limbs  are  uncrossed  to  start  with,  they  approach,  or  tend  to  overlap, 
when  the  curvature  is  low  and  thus  conform  to  the  rule  first  given;  but  if 
they  are  crossed  or  overlapped  at  first,  as  in  M^,  a  further  decrease  of  curva- 
ture will  cause  them  to  separate,  which  at  the  first  glance  might  appear  to 
correspond  to  increased  curvature.  Actually,  however,  the  separation  is 
merely  the  result  of  still  further  increase  in  the  size  of  the  image.  Fig.  101 
represents  the  mire  used  in  the  Gowlland  "  New  "  Keratometer. 

In  the  two  mire  ophthalmometers,  such  as  the  Ettles-Curties,  the  doubling 
is  generally  so  arranged  that  the  central  images  are  crossed,  so  that  an  over- 
lapping corresponds  to  an  increase  of  curvature  and  vice  versa.  In  this  case, 
it  is  the  inner  sides  of  the  images  that  are  turned  towards  each  other. 


Fig.  ]01. 

If  now  we  have  an  astigmatic  cornea  and  secure  contact  of  the  images  in 
one  principal  meridian  we  shall,  if  the  other  meridian  is  of  different  curva- 
ture, get  an  overlapping  or  separation  in  this  second  meridian,  and  the 
amount  of  movement  of  the  mires,  or  of  the  doubling  apparatus,  necessary 
to  secure  recontact  of  the  images  is  made  to  indicate  directly  the  astigmatic 
difference. 

The  Keratometer. — Apart  from  the  single  and  double  mire  classification, 
we  may  roughly  class  all  ophthalmometers  under  two  main  heads,  i.e.  those 
in  which  the  doubling  apparatus  is  fixed  and  the  mires  movable,  the  reading 
being  made  on  the  arc  bearing  the  mires ;  and  those  in  which  the  mires  are 
fixed  and  the  doubling  variable  by  movement  of  the  doubling  apparatus 
iilong,  or  across,  the  axis  of  the  telescope,  the  reading  being  indicated  on  a 
dial.  The  doubling  may  be  obtained  in  various  ways  as,  for  instance,  from 
a  double  prism  or  from  the  parallel  plates  first  employed  by  Helmholtz ; 
these  latter,  when  placed  obliquely  but  in  opposite  directions,  have  the  effect 
of  laterally  displacing  the  images,  and  their  superiority  over  prisms  lies  in 
their  better  definition  and  freedom  from  chromatism.  Sometimes  the  plates 
are  inclined  towards  each  other  in  the  form  of  a  wide  V,  so  that  each  causes 
an  outward  displacement  of  the  image.  Lenses  have  also  been  employed  in 
various  ways;  if  a  convex  spherical  be  split,  a  strip  removed  from  the  centre 
and  the  halves  recemented,  it  will  project  a  double  image;  or  the  two  halves 
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entire  may  be  slid  laterally  one  over  the  other  to  eaiise  displaceiuent.  One 
of  the  best  methods  is  that  of  the  Wollaston  prism,  as  found  in  the  Javal  and 
the  Ettles-Curties  ophthalmometers;  it  consists  of  two  separate  prisms  of 
quartz,  the  one  having  its  edge  parallel  to  the  axis  of  the  crystal,  and  the  other 
with  its  edge  at  right  angles  thereto,  so  that,  when  the  prisms  are  cemented 
along  their  hypothenuses  to  form  a  rectangiUar  slab,  the  light  incident 
normally  to  one  face  emerges  from  the  other  doubly  refracted  into  two  equally 
divergent  beams. 

The  three  essential  parts  of  a  keratometer  are  the  telescope,  the  object  or 
mires,  and  the  doubling  apparatus.  The  cornea  under  observation  is  approxi- 
mately at  the  one  symmetrical  plane  of  the  objective  of  the  telescope,  and 
its  real  image  is  at  the  other;  the  latter  being  at  the  focal  plane  of  the  eye- 
piece, the  observer  sees  a  magnified  real  inverted  image  of  the  corneal  reflec- 
tions. The  doubling  apparatus  is,  according  to  its  nature,  placed  cither 
between  the  components  of  the  objective  or  in  the  convergent  light  from  the 
latter. 

Of  the  movable  Inire  type  of  ophthalmometers  a  brief  description  of  one 
of  the  latest  patterns,  the  Ettles-Curties,  will  show  the  underlying  principles 
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of  this  class,  whiili  also  imluilos  the  Javal.  The  mires  are  carried  on  an  art- 
concentric  with  the  centre  of  rotation  of  the  cornea;  the  one  is  a  rectangle 
with  a  central  black  line  across  the  shorter  diameter,  and  the  other  is 
••  stepped  "'  or  divided  into  equal  spaces,  also  with  a  central  line,  as  will  be 
seen  from  Fig.  102.  Both  mires  are  translucent,  and  suitably  illuminated 
from  behind  by  glow-lamps,  and  can  be  moved  equally  towards  and  away 
from  each  other  on  the  arc.  The  latter  is  suitably  scaled  to  indicate  diopters, 
and  fractions,  of  anterior  corneal  refractive  power  by  means  of  an  index  on 
the  mire.  The  arc  is  attached  to  the  telescope,  so  that  the  two  may  l»c 
rotated  bodily  on  a  horizontal  axis,  in  order  to  bring  the  mires  into  any 
desired  meridian,  the  angle  of  the  latter  being  indicated  by  means  of  a  pointer 
moving  over  a  translucent  protractor. 

Keratometry. — Now  suppose  a  living  cornea  to  be  examined.  Having 
focused  the  tele.scope,  four  images  are  seen,  the  two  central  ones  generally 
being  crossed,  and  it  is  upon  thi-i  central  pair  that  attention  is  concentrated, 
the  outer  images  being  ignored.  Tlu'  central  images  can  then  be  made  to 
touch  by  means  of  the  rack  actuating  the  mires  and   if  i  li<  t  (.rnca  i>  Miln'rical. 
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they  will  remain  in  contact  as  the  arc  is  rotated  through  every  meridian.  If, 
however,  there  is  astigmatism,  the  distance  between  the  images  will  vary,  as 
the  arc  is  rotated  in  the  different  meridians,  on  account  of  the  variation  of 
curvature;  further  the  images  will  be  seen  to  have  a  curious  eccentric 
sliding  motion  with  respect  to  each  other. 

To  locate  a  ■principal  meridian  we  have  only  to  find  that  direction  in  which 
the  short  black  lines  on  the  mires  are  continuous  with  one  another,  since  this 
occurs  only  when  the  meridian  parallel  to  the  plane  of  the  mires  is  spherical.  The 
appearance  is  analogous  to  that  seen  in  neutralizing,  where  the  arms  of  a 
cross  are  undistorted  only  when  they  are  parallel  to  the  principal  meridians 
of  the  lens. 

Having  therefore  secured  a  principal  meridian,  we  cause  the  images  to 
touch  as  in  Fig.  103,  and  the  reading  on  the  arc  is  taken;  say  this  is  43-5  D. 
The  angle  of  this  principal  meridian  is  also  read  off  and,  for  the  purpose 
of  illustration,  let  this  be  60°.  The  whole  arc  is  now  rotated  through  exactly 
90°,  so  that  the  plane  of  the  mires  now  lies  in  meridian  150°,  and  the  images 
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Fig.  103. — Diagram  illustrating  Four  Stages  of  a  Reading  taken  with  an 
Ettles-Curties  Ophthalmometer. 


will  be  seen  to  overlap  or  separate  according  as  the  second  meridian  is, 
respectively,  of  greater  or  lesser  curvature  than  the  first.  If  they  overlap  at 
150°  the  excess  of  power,  as  compared  with  the  first  meridian,  can  be  read  oil 
directly  from  the  number  of  steps,  and  fractions  thereof,  overlapping  the 
rectangle,  each  step  being  equivalent  to  1  D.  Or  contact  can  again  be  made 
by  moving  the  mires,  and  the  difference  in  the  readings  on  the  arc  shows  the 
amount  of  astigmatism.  Thus  suppose  the  second  reading — that  at  150° — 
is  45  D. ;  there  is,  therefore,  1-5  D.  more  power  than  at  60°,  where  it  is  43-5  D. 
On  the  other  hand,  suppose  the  second  reading  to  be  41-5  D. ;  then  we  know 
that  there  is  a  deficiency  of  refraction  of  2  D.  in  meridian  150°  as  compared 
with  60°.  The  images  at  150°  are  separated,  but  they  can  be  brought  into 
contact  by  moving  the  mires  towards  each  other,  and  when  contact  is  secured 
a  reading  is  made.  The  arc  is  then  turned  back  to  60°  and  the  amount  of 
overlapping  again  shows  the  degree  of  astigmatism.  It  is  advisable  to  measure 
the  astigmatism  by  both  the  arc  reading  and  the  overlapping  of  the  image,  so 
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bhat  the  one  may  confirm  the  other.     With  practice  a  difference  of  -25  D.  Is 
easily  detected  and  measured. 

The  other  forms  of  two-mire  instrument,  where  the  mires  are  fixed  and 
the  doubling  apparatus  moved,  are  similarly  worked,  with  the  exception 
that  the  readings  are  taken  from  a  drum  or  dial,  and  not  from  the  mires 
themselves. 

Movement  of  the  doubling  apparatus,  however,  renders  the  use  of  a 
single  mire  possible  and  this  is  to  be  found  in  the  newest  foi-ms  of  keratoraeter, 
which  are  essentially  one-position  instruments,  a  secondary  rotation  of  the 
mire  being  unnecessary.  The  "  Sutcliffe  "  keratoraeter  differs  from  all  others, 
and  is  unique  in  that  the  doubling  of  the  images  is  obtained  simultaneously 
in  the  two  principal  meridians,  the  image  of  the  single  mire  being  triplicated; 
in  this  way,  the  ])rincipal  meridians  being  located,  contact  is  made  for  both 
and  the  degree  of  astigmatism  at  once  obtained.  The  mire  of  this  instrument 
has  recently  been  improved,  and  differs  slightly  from  that  shown  in  Fig.  104, 
but  the  fundamental  principle  is  the  same.  In  the  Gowlland  "  New  '* 
keratoraeter  the  doubling  is  obtained  frora  a  prism  which,  by  a  patent  device, 


Fig.  104. — Illustrating  the  Appearance  of  the  Mires  of  the 
' '  Sutcliffe  ' '  K er atometek. 

The  first  diagram  shows  tlie  triple  images  out  of  alignment,  the  second  shows  them  in 
alignment,  and  the  third  with  contact  in  both  principal  meridians. 

is  automatically  rotated  through  exactly  90°  to  obtain  contact  for  the  second 
reading.  The  limbs  of  the  mire  are  especially  fine  to  insure  exactitude  in  the 
location  of  the  principal  meridians  and  measurement  of  the  a.stigmatism. 

For  a  detailed  description  of  the  various  forms  of  keratometers,  the  reader 
should  obtain  the  pamphlets  issued  by  the  manufacturers. 

Single  and  Double  Mires. — It  may  be  observed  that  the  difference  between 
the  single-mire  and  the  double-mire  instruments  is  one  of  design.  The  single 
mire  consists  of  a  body  having  similar  tlotails  at  its  two  extremities,  the 
double  mires  constitute  together  a  body  having  different  details  at  the  two 
extremities. 

Separation  of  the  Images. — To  make  more  clear  the  nature  of  the  .separation 
or  overlapping  according  as  there  may  be  increased  or  decreased  corneal 
power,  let  us  presume  the  two  extremities  of  the  whole  image  to  be  the  letters 
A  li.     When  it  is  dou])Ied  they  would  be  as  .1  BA'  B'  or  as  A  A'B  B' .     In  the 
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first  case  the  outer  extremities  B  and  A'  are  near  each  other  and  B  would  be 
more  separated  from  A'  as  AB  and  A'B'  are  smaller.  In  the  second  case  the 
inner  extremities  of  A'  and  B  are  near  each  other  and  5  would  be  farther  from 
A'  as  AB  and  A'B'  are  larger.  Thus  separation  indicates  higher  curvature 
with  an  imcrossed  central  image  while  it  denotes  lower  curvature  with  a 
crossed  one.     In  either  case  overlapping  denotes  the  opposite  condition. 

Use  of  the  Ophthalmometer. — From  the  ophthalmometric  test  we  obtain, 
in  addition  to  the  degree  of  corneal  astigmatism,  the  principal  meridians  and 
actual  curvature  of  the  cornea.  We  also  acquire  a  knowledge  of  the  surface 
polish  and  errors  of  cui'vature  such -as  irregular  As.  and  conical  cornea  which 
otherwise  are  difficult  to  detect. 

Occasional  cases  may  be  met  with  where  apparently  the  maximum  and 
minimum  curvatures  are  not  exactly  90°  apart,  as  shown  by  the  alignment 
of  the  mires.  This  is  not  evidence  that  the  principal  meridians,  in  the  centre 
of  the  cornea,  do  not  lie  at  right  angles  to  each  other,  but  rather  that  there  is 
some  peripheral  irregularity. 

The  ophthalmometric  determination  of  the  principal  meridians  of  the 
cornea  does  not  usually  difier  much  from  that  of  the  eye  found  subjectively, 
or  by  the  retinoscope,  say  not  more  than  5°  either  way.  The  degree  of  total 
As.  of  the  eye,  although  generally  very  nearly  or  exactly  the  same  as  that 
of  the  cornea,  may  differ  from  the  latter  very  considerably,  owing  to  the 
astigmatic  static  or  dynamic  curvature  of  the  crystalline,  or  on  account 
of  its  obliquity  to  the  optic  axis.  In  general,  however,  it  may  be  said  that 
degrees  of  As.  less  than  -5  D.,  and  over  2  D.,  are  more  likely  not  to  agree 
than  values  between  these  figures.  The  final  determination  of  the  power 
of  the  corrective  lenses  can  only  be  obtained  by  the  subjective  test  with 
the  astigmatic  chart  and  types ;  consequently  the  ophthalmometer  must  be 
employed,  not  to  corroborate  the  subjective  test,  but  as  a  preliminary  to  it. 
The  cyl.  given  to  correct  As.,  found  by  the  ophthalmometer,  should  be  concave 
with  the  axis  in  the  meridian  of  lowest  refraction,  or  whose  power  is  in  that  of 
the  greatest  refraction.  Apart  from  the  changes  due  to  the  crystalline,  the 
cyl.,  if  of  low  power,  will  correct  the  astigmatism  provided  the  latter  is  not 
associated  with  high  H.  or  M.  In  high  degrees  of  As.,  especially  if  there  is 
medium  to  high  H.  or  M.,  it  will  be  found  that  considerable  modification  is 
required  subjectively,  if  the  cyl.  is  first  placed  before  the  eye  and  the  general 
spherical  error  worked  out  afterwards.     This  is  due  to  efiectivity  (^.t".). 

The  As.  measured  by  the  keratometer,  being  on  the  cornea  itself,  theoreti- 
cally the  cyl.  required  would  be  stronger  if  Cc.  and  weaker  if  Cx.  because  it  is 
placed  anterior  to  the  cornea.  The  differences,  however,  otherwise  arising, 
especially  that  due  to  the  effect  of  an  added  sph.,  makes  it  advisable  to  put  up 
first  the  Cc.  cyl.  as  indicated  above  for  the  subjective  test  and  then  modify  as 
may  be  found  necessary. 

It  is  usual  to  liken  the  general  shape  of  the  cornea  to  that  of  an  ellipsoid 
of  revolution,  but  the  true  form  is  only  approximately  ellipsoidal.  It  has 
been  suggested  that  a  better  analogy  is  that  of  a  hyperboloid  of  revolution, 
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whose  apex  has  been  replaced  by  a  spherical  (or  toroidal)  cap  about  3  or  4  mm. 
in  diameter.  Whatever  the  true  shape,  however,  the  curvature  rapidly 
diminishes  beyond  a  certain  point,  so  that  it  is  important  in  ophthalmometry 
to  insure  that  the  images  are  formed  symmetrically  with  respect  to  the  visual 
axis.  If  the  observed  eye  deviates  the  images  may  lie  considerably  to  one 
side  or  the  other  and  they  will  be  seen  distorted  or  drawn  out,  because  in  an 
astigmatic  cornea  we  may  say  that  the  surface  is  only  truly  toroidal  over  an 
area  not  exceeding  some  3  to  i  mm. 

The  meridians  oi)lique  to  the  principal  meridians  are,  of  cour.se,  elliptical 
in  section,  but  over  a  moderate  area  they  do  not  dejiart  greatly  from  sphericity 
— at  any  rate  not  to  an  extent  su  Hcient  to  render  the  measurement  of  their 
power  valueless,  because  readings  in  actual  cases  taken  by  the  author  show 
results  agreeing  perfectly  with  the  theoretical  powers  indicated  by  calculation 

Artificial  Astigmatism. — As  shown  previously  the  anterior  refracting 
power  of  a  surface  is — 

D=1000X  *-''"'' 
r 

while  the  reflecting  power  in  diopters  is — 

2 

R=1000x- 

r 

so  that  2  D.=  (;/-!)  R. 

With  a  radius  of  7-5  mm.  and  ^=1-3375  we  get  D=45  and  R=266.  Thus  the 
reflecting  power  of  a  standard  cornea  is  26G  D.,  whereas  its  refracting  power  is 
45  D.     The  ratio  of  the  reflecting  to  the  refracting  power  is  approx.  6:1. 

The  standard  reflecting  sphere,  supplied  with  most  ophthalmometers,  can 
be  used  with  ordinary  cyl.  lenses  to  produce  artificial  astigmatism  for  practice 
])urposes.  An  artificial  truly  astigmatic  cornea  is  very  convenient,  but  it  is 
limited  to  one  condition  only,  so  that  the  beginner  has  no  means  of  checking 
his  readings,  or  of  obtaining  any  variation  in  the  amount  of  astigmatlsni. 
Now  a  convex  cyl.,  with  its  curved  surface  in  contact  with  the  sphere,  reduces 
the  negative  reflecting  power  across  the  axis,  while  a  concave  cyl.,  similarly 
j)laced,  increases  it.     In  both  cases  the  power  parallel  to  the  axis  is  unchanged. 

Let  R  be  the  reflecting  power  of  the  sphere,  D  the  refracting  power  (on  an 
index  of  1-3375),  and  P  the  power  of  the  cyl.  We  may  ignore  the  distame 
if  the  mires  from  the  sphere  as  not  affecting  the  calculation  to  any  appreciable 
extent.  Suppose  the  cyl.  to  be  concave.  Then  the  combined  reflecting 
power  of  sphere  and  cyl.  is  R4-2  P  because  the  light  passes  through  the  cyl. 
twice. 

The  refracting  power  across  the  axis,  as  compared  with  the  meridian  parallel 
to  the  axis,  is  therefore — 

(R-f2P)Xj^ 
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and  the  artificial  astigmatism  As.  produced  is — 

D(E+2P)  2PD 

^^•= R ^^R- 

But  r>=45    and    R=266 

90  P     P 
^s.=  ,,,„  =^  very  noarly. 

Tlierofore  we  have  the  rule  that  the  artificial  asti(pnatism  'produced  is 
approximately  ove-third  the  ptoiver  of  the  cyl.  causiny  il.  Thus  if  the  cyl.  be 
r.  I).,  As.=l  D.;  if  P=6  D.,  As.=2  D.  and  so  on. 

The  above  can  be  put  otherwise  as  follows.  The  reflecting  power  being 
6  times  the  refracting  power  of  the  cornea,  any  change  in  the  former  due  to  an 
added  cyl.  causes  \  that  change  in  the  latter.  But  the  light  passes  twice 
through  the  cyl.  so  that  its  effect  x  is  doubled;  it  is  therefore  1xJ<6~x/?>  as 
stated. 

It  should  be  noticed  that  a  convex  cyl.  causes  an  increase  in  the  size  of 
image  across  the  axis,  and  a  concave  cyl.  a  reduction,  so  that  the  Cx.  produces 
a  hypermetropic  and  the  Cc.  a  myopic  effect. 

For  the  above  calculation  to  hold  good,  the  curved  surface  of  the  cyl. 
must  be  in  contact  with  the  cornea.  Again,  although  the  thickness  of  the 
glass  in  the  axis  causes  a  slight  alteration  in  the  clearness  of  the  image,  the 
ophthalmometer  must  not  be  ref  ocussed  between  the  first  and  second  positions. 


CHAPTER  XIX 
RETINOSCOPY 

Skiametry.    Skiascopy. 

Retinoscopy  may  be  defined  as  the  measurement  of  ocular  refraction  by  means 
of  the  real  or  apparent  movements  of  the  fundus  reflex.  It  is  based  on  the 
laws  governing  the  conjugate  foci  of  simple  lenses  since  the  eye  itself,  although 
actually  a  complicated  system,  is  equivalent  to  a  single  lens  of  some  20  mm. 
focal  length.  Its  name  is  not  very  appropriate  since  the  retina  itself  is  not 
seen,  nor  are  the  terms  skiametry  and  skiascopy  because  there  are  no  shadows. 
From  first  principles,  we  know  that  the  real  image  formed  by  a  single 
lens  is  on  the  opposite  side  to  the  object,  whereas  a  virtual  image  is  always 
on  the  same  side.  It  follows,  therefore,  that  any  movement  of  an  object  will 
cause  its  real  image  to  be  displaced  in  an  opposite  direction,  just  as  though 
both  object  and  image  were  at  opposite  ends  of  a  rigid  bar  pivoted  on  a  point 
corresponding  to  the  optical  centre  of  the  lens.  On  the  other  hand,  the  move- 
ment of  a  virtual  image  corresponds  to  that  of  the  object;  here — to  employ 
the  same  simile — both  image  and  object  are  situated  on  the  rigid  bar  on  the 
same  side  of  the  pivot,  i.e.  the  optical  centre.  On  these  simple  laws  the  whole 
theory  of  retinoscopy  depends  and,  to  anyone  possessed  of  a  knowledge  of 
elementary  optics,  a  mastery  of  its  theory  should  present  no  difficulties. 
However,  the  variety  of  different  possible  cases  is  generally  confusing  to  the 
beginner,  and  the  application  of  retinoscopy  calls  for  practice. 

Ordinarily  the  pupil  of  the  eye  is  seen  black  because  an  observer  is  never 
in  a  position  to  receive  the  light  from  the  retinal  image  of  a  source  sufficiently 
bright  to  enable  the  fundus  to  be  seen.  In  other  words,  the  light  from  the 
observer's  face  is  too  feeble  to  give  t\e  necessary  illumination  to  the  observed 
fundus,  and  it  is  useless  to  try  to  ir  tercept  the  light  returning  from  the  image 
of  a  bright  source,  such  as  a  lamp,  because,  the  source  of  light  and  the  fundus 
image  being  '^  onjugate  foci,  any  attempt  to  view  the  latter  results  in  the  occlu- 
sion of  the  former  by  the  head  of  the  would-be  observer.  To  overcome  this 
dilficulty,  the  observer's  eye  must  be  in  line  with  the  direction  of  the  entering 
light,  and  for  this  purpose  a  mirror  having  a  central  perforation  is  employed. 
Light  from  some  extraneous  source  is  received  by  the  mirror  and  reflected  into 
the  observed  eye,  where  it  comes  to  a  more  or  less  well-defined  focus  on  the 
retina.  The  latter  is,  however,  transparent  (in  health),  so  that  the  returning 
liglit  is  that  difYusod  by  the  choroid,  the  vessels  and  pigment  of  which  give  the 
reflex  its  cnaracteristic  reddish  colom*.     This  the  observer  can  readily  perceive 
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since  his  eye  can  now  receive  the  returning  light  through  the  mirror  apertuie 
which  is  on,  or  near,  the  axis  of  the  incident  pencil. 

In  some  cases,  however,  a  glimpse  of  the  fundus  may  be  obtained  without 
the  aid  of  the  perforated  mirror.  This  occurs  when  the  pupil  is  abnor- 
mally large  in  relation  to  the  length  of  globe,  so  that  the  reflex  may 
sometimes  be  seen  in  high  H.  with  dilated  pupils  owing  to  the  divergence 
of  the  emergent  beam,  or  in  high  M.  where  the  light  diverges  rapidly  from 
the  P.  R.  An  exceedingly  bright  light  near  the  sclerotic  will  sometimes  allow 
of  the  fundus  being  seen  through  the  pupil,  the  sclerotic  not  being  quite 
opaque. 


Fig.  105. 


Jv 


Fig.  L7. 
Showing  the  Emergent  Light  in  Em.,  B  ,  and  M.,  from  a  portion  AB  of 

THE    FUNDt)  i. 

a  h  is  the  far  point  in  each  case. 

The  reflex  is  the  term  employed  to  denote  the  image,  seen  by  the  observer, 
of  that  portion  of  the  fundus  which  is  illuminated  by  the  entering  light.  This 
reflex,  or  fundus  image  may  be  real  or  virtual. 

The  light  diverging  from  the  illuminated  fundus  emerges  fron^  the  eye  as  a 
diverging  cone  which  in  Em.  (Fig.  105)  consists  of  parallel  beams,  the  fundus 
being  at  the  posterior  focal  distance.  In  H.  (Fig.  106)  the  fundus  is  within 
the  posterior  focus  and  therefore  the  emerging  pencils  are  divergent  as  if  from 
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behind  the  eye,  while  in  M.  (Fig.  107)  the  fundus  is  beyond  the  focus,  so  that 
light  returning  into  air  is  convergent.  The  point  towards  which  the  emergent 
light  converges  in  myopia,  or  from  which  it  appears  to  diverge  in  hyperme- 
tropia,  is  the  conjugate  focus  of  the  retina,  and  constitutes  the  reflex  when 
accommodation  is  at  rest.     The  reflex  in  emmetropia  is  at  oo. 

The  Mirror. — In  retinoscopy — and  in  ophthalmoscopy — the  function  of 
the  mirror  is  solely  to  supply  the  requisite  illumination;  its  nature,  i.e.  whether 
it  is  convex,  concave  or  plane,  is  immaterial,  but  the  intensity  of  the  beam 
and  therefore  the  brightness  of  the  fundus  reflex  depends  to  a  great  extent 
on  the  nature,  focal  length  and  aperture  of  mirror.  In  addition,  the  rapidity 
of  the  movements  of  the  reflex  depends  directly  upon  the  divergence  or  con- 
vergence with  which  the  light  leaves  the  mirror. 

Suppose  light  from  some  adjacent  source  be  reflected  into  an  observed 
eye  by  means  of  a  mirror.  An  observer  looking  through  the  aperture  will 
see  the  pupil  suffused  with  a  red  glow  which,  on  slowly  rotating  the  mirror, 
will  move  either  in  the  same  or  opposite  direction  to  that  of  the  mirror, 
depending  upon  the  kind  of  mirror  employed,  the  refraction  of  the  eye  and 
position  of  observer.  This  reflex  is  either  the  real  or  virtual  image  of  the 
illuminated  fundus;  it  is  real  when  the  observer  is  beyond  the  far  point  of  the 
eyes  and  virtual  when  he  is  within  it.  Or,  more  specifically,  the  image  of  the 
fundus  of  an  Em.  eye  is  virtual,  it  being  formed  by  parallel  rays;  it  is  similarly 
virtual  in  H.,  and  also  in  M.  provided  the  observer  is  within  the  far  point. 
In  the  last  case  the  rays  are  convergent  to  a  point  behind  the  observer's 
eye.  If  the  observer  is  beyond  the  far  point  of  a  myope,  the  reflex  is  then  real 
since  the  light  has  formed  a  real  image  of  the  fundus  between  the  observer 
and  the  observed  eye.  Althougli  we  are  said  to  see  the  fundus  reflex,  it  is 
very  rare  that  any  details  are  visible,  since  the  magnification  is  too  high  and 
the  field  of  view  too  small.  Also,  although  theoretically  the  image  of  the 
fundus  formed  by  the  emergent  light  is  at  the  far  point,  the  reflex  always 
appears  merely  as  a  reddish  illumination  of  the  pupil. 

When  the  light  from  a  plane  mirror  is  projected  into,  say,  a  H.  eye  the 
illuminated  area  is  immediately  behind  and  in  line  with  the  pupil,  so  that  the 
return  light  emerges  in  the  same  line.  On  rotating  the  mirror  slowly  to,  say. 
the  left,  the  portion  of  the  fundus  illuminated  is  transferred  to  the  left  and 
a  portion  not  illuminated  comes  into  the  field.  In  the  pupil  the  observer  sees 
the  left  filled  with  the  reddish  glow,  while  the  right  is  dark.  This  darkness, 
commonly  called  the  .shadow,  then  comes  into  the  field  of  view  on  the  same 
side  as  the  mirror  is  advanced — in  this  ca.se  from  right  to  left.  If  the  rotation 
is  continued,  the  entire  pupillary  area  becomes  dark.  As  the  phenomena 
are  seen  the  a])])earance  is  that,  having  at  the  .start  an  illuminated  pupil, 
on  rotating  thr  mirror  from  right  to  left  the  ahatloic  follows  in  the  same  direc- 
tion. Actually  the  cfTi'ct  is  that  the  illumination  is  transferred  to  a  portion 
of  the  fundus  such  that  the  light,  divi-rging  from  it,  and  emerging  f"'in  tin- 
eye,  does  not  reach  the  aperture  of  the  mirror  employed. 

The  term  shadow  will  be  used  when    discussing  retinoscopy  although 
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really  no  shadow  is  cast — one  sees  absence  of  illumination  following  illmniua- 
tion. 

General  Considerations.—Light  from  a  sufficiently  brilliant  source,  such  as 
a  small  glow-lainp,.  placed  behind  the  subject,  is  received  on  a  plane  mirror 
and  thence  reflected  into  the  eye  to  be  tested;  thus  the  effective  source  is  the 
virtual  image,  of  the  original  source,  formed  as  far  behind  the  mirror  as  the 
lamp  is  in  front  of  it.  With  the  lamp,  say,  -25  m.  behind  the  subject  and 
the  observer  at  1  m.  the  efiective  source  is  2-5  m.  from  the  observed  eye; 
thus  the  projected  light  has  but  a  small  divergence,  and  is  brought  to  an 
approximate  focus  at  the  retina  if  the  observed  eye  is  emmetropic.  If  the 
original  source  is,  say,  25  mm.  in  diameter,  the  retinal  image  is  25  X 15/2500 
=•16  mm.  in  size  and  therefore  exceedingly  minute. 

Although  the  light  reflected  from  the  illuminated  fundus  of  an  emmetropic 
eye  takes  the  form  of  a  diverging  cone  of  parallel  pencils,  if  we  regard  the 
retinal  image  as  a  single  point,  the  light,  on  emergence  from  the  eye,  has  the 
form  of  a  section  of  a  cylinder  whose  size  is  the  same  as  that  of  the  pupil. 


Fig.  108. 

The  iris  lies  about  1  luni.  behind  the  cornea,  the  posterior  focal  length 
of  which  is  32  mm.  so  that  light  diverging  from  the  pupillary  margin  is  but 
little  affected  by  the  cornea,  although  the  latter  acting  as  a  magnifier  renders 
the  light  more  divergent,  as  if  proceeding  from  a  slightly  nearer  and  larger 
object.  The  pupillary  margin,  filled  with  reflex,  is  the  object  viewed,  and  is 
seen  clearly,  throughout  a  retinoscopic  test,  quit^  irrespective  of  the  nature  of 
the  light  from  the  fundus,  its  image  being  formed  at  the  retina  of  the  observer's 
eye  with,  or  without,  the  aid  of  Ac.  Nor  is  the  condition  changed  at  all  by 
any  lens  placed  in  front  of  the  observed  eye,  such  lens  merely  increasing  or 
decreasing,  to  a  comparatively  minute  degree,  the  divergence  of  the  light 
from  the  pupillary  ring;  this  being  compensated  for,  if  indeed  compensation 
be  needed,  by  a  slight  change  of  the  observer's  accommodation. 

One  metre  is  the  most  convenient  and  usual  distance  at  which  a  retino- 
scopic test  is  made.  Now  suppose  the  eye  under  observation  is  M.  1  D., 
that  the  observing  eye  is  also  M.  1  D.  and  the  distance  between  the  two  is 
1  m.  Then  light  (Fig.  108)  diverging  from  the  pupillary  margin  A  of 
the  observed  eye  has  its  image  B  at  the  retina  of  the  observing  eye;  thus^ 
and  B  are  conjugate  foci.  At  the  same  time  the  light  diverging  from  the 
fundus  A'  of  the  observed  eye  emerges  therefrom  convergently  to  have  its 
focus  in  B'  the  pupillary  plane  of  the  observing  eye;  thus  A'  and  B'  form 
another  pair  of  conjugate  foci.     This  condition  is  sought  for  and  obtained 
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in  all  retinoscopic  tests  made  at  1  metre  which  arc  carried  to  a  successful 
issue.  When  the  observed  eye  is  not  M.  1  D.  it  is  made  so  by  lenses  placed 
in  front  of  it.  When  the  observing  eye  is  not  M.  1  D.  the  necessary  accom- 
modation is  exerted. 

The  Plane  Mirror. 

Emmetropia. — Let  the  observer  be  at  1  m.  from  the  observed  eye.  Let  0 
(Fig.  109)  be  the  observed  eye,  S  any  convenient  source  of  light  ana  M  the 
plane  mirror  behind  which  is  the  observer.     Light  is  reflected  from  M  such 


Fig.  109. 

that  it  appears  to  diverge  from  the  virtual  image  *S",  the  light  from  which 
comes  to  an  approximate  focus  F  on  the  retina.  To  avoid  confusion,  rays 
entering  the  eye  are  not  shown.  The  diffused  light  which  returns  along  its 
original  pathi'^iV  {N  being  the  nodal  point)  is  rendered  parallel  as  if  from  the 
reflex  image  .R  at  oo  ,  which,  as  before  pointed  out,  is  seen  merely  as  a  red  glow 
in  the  pupil.  If,  now,  the  mirror  be  tilted  to  the  left  to  M'  the  virtual  image 
/S' — which  is  the  effective  source  of  illumination — moves  in  the  opposite  direc- 
tion, i.e.  towards  ;S"',  while  the  retinal  image  F  and  the  reflex  R  shift  respec- 
tively to  F'  and  R'.  If,  therefore,  the  rotation  of  the  mirror  be  sufficient, 
the  darkness  or  shadow  folio  wing  the  reflex  R  will  appear  to  move  in  the  same 
direction  as  the  mirror. 


Fig.  110. 


Hypermetropia.-  -Precisely  similar  conditions  occur  in  all  degrees  of  H.. 
the  only  diiyiMcnce  being  that  the  emerging  rays  are  divergent  and  the  reHex 
iJis  now  within  oo  at  some  near  distance  behind  the  retina  (Fig.  110).  In 
consequence  the  movement  of  the  shadow  is  slower  than  in  Em.  and  the 
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illumination  duller  on  account  of  the  divergence  of  the  emerging  rays,  only 
a  small  proportion  of  which  can  enter  the  observer's  eye.  Thus  in  H.  of  any 
degree  the  shadow  apparently  moves  with  the  inlane  mirror. 

Myopia  under  1  D. — Suppose  there  be  M.  (Fig.  Ill)  of  such  a  degree  that 
the  observer  is  within  the  far  point  R,  that  is,  since  we  have  taken  1  m. 
as  the  point  of  observation,  the  M.  under  consideration  is  less  than  1  D. 
In  this  case  the  emergent  light  is  convergent  towards  a  point  R  behind  the 


Fig.  hi. 


observer  and,  therefore,  not  having  crossed,  it  is  referred  back  to  a  point  P 
behind  the  retina  as  in  Em.  and  H.  so  that  the  apparent  movements  P  toP' 
of  the  shadow  are  also  similar  to  those  in  Em.  and  H.  The  speed  of  the  reflex 
and  its  intensity  are,  however,  greater  than  in  other  conditions  since  the 
emergent  light  is  convergent.  Therefore,  in  M.  under  1  D. — the  ojjerator 
being  at  1  m. — the  shadow  moves  in  the  same  direction  as  the  mirror. 

Myopia  over  1  D. — If  the  M.  exceeds  1  D.  the  far  point  (Fig.  112)  is  within 
1  m.  so  that  light,  diverging  from  the  fundus,  now  meets  in  the  air  to  form  a 
real  image  at  the  far  point  R  in  front  of  the  observer.     When  S'  moves 


Fig.  112. 

to  S",  thenP  moves  toP',  but  R  the  real  image  moves  to  R'  in  an  opposite 
direction  to  the  fundus  illumination;  so  that  in  M.  over  1  D.  the  shadow  appears 
to  move  in  the  opposite  direction  to  the  plaile  mirror. 

Myopia  1  D. — We  have  seen  that,  in  M.  under  1  D.,  the  shadow  moves 
ivith,  and  if  over  1  D.  against  the  plane  mirror;  therefore  there  must  be  some 
intermediate  degree  of  M.  wherein  the  shadow  moves  neither  with  nor  against, 
and  this  occurs  when  the  distance  of  the  far  point  is  equal  to  the  distance  of  the 
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observer.  When  the  latter  is  at  1  m.  the  degree  of  M.  giving  no  movement 
of  the  shadow  is  1  D. ;  if  the  observer  were  at  any  other  distance  the  amount 
of  M.  would  vary  accordingly.  Thus  for  the  neutral  jwint,  i.e.  the  pointy  of 
no  shadow  movement,  to  be  at  2  m.,  there  must  be  -5  D.  M. ;  at  50  cm.,  2  D.  M., 
and  so  on.  The  reason  for  the  apparent  stoppage  of  all  shadow  movements 
when  the  P.  R.  of  the  eye  is  coincident  with  the  refracting  plane  of  the 
observer  will  be  seen  from  the  next  diagram. 

In  Fig.  113  let  0  be  the  observed  eye  from  which  light  emerges  to  focus  at 
/  in  the  pupillary  aperture  of  the  observer.  Then  suppose  a  small  rotation 
of  the  mirror  (not  shown  in  the  sketch)  be  made  sufficient  to  transfer  the  far 
point  /  to  the  edge  of  the  pupil  /' ;  the  reflex  will  not  alter  in  appearance  since 
the  divergence  gf  the  light  within  the  observer's  eye  will  remain  the  same  as 
when  the  beam  converged  to  the  position  7;  but  if  the  slightest  extra  rotation 
of  the  mirror  now  be  made  /'  will  focus  on  the  iris  itself  and  therefore  all  the 
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light  entering  the  observer's  eye  will  be  suddenly  cut  off.  To  the  observer, 
therefore,  the  reflex  suddenly  comes  and  goes  as  the  mirror  is  rotated,  and  is 
not  followed  by  any  definite  shadow.  In  Fig.  113  the  refraction  which  the 
pencils  undergo  at  the  observer's  cornea  is  neglected  for  simplicity.  ^^  hen, 
therefore,  all  movement  of  the  shadow  ceases,  we  know  that  the  eye  under 
observation  is  myopic  to  an  extent  represented  by  the  distance  of  the  observer,  this 
being  M.  1  D.  for  a  distance  of  1  m. 

The  distance  at  which  neutrality  is  obtained  is  commonly  termed  the 
reversal  point,  but  more  properly  it  is  the  neutral  point,  for  if  the  observer 
were  to  move  slightly  within  1  m.,  he  would  get  a  vnth  movement, 
while  he  would  get  an  against  movement  at  a  distance  slightly  greater  than 
1  m.     The  term  reversal  will,  however,  be  used  to  express  neutralisation. 

One  fould  determine  the  degree  of  M.  in  an  eye  by  moving  backwards 
or  forwards  until  he  picks  up  the  point  of  reversal.  This  method  is,  however, 
uncertain  in  low  M.  and  altogether  useless  for  H.  since  in  the  latter  the  point 
of  reversal  is  virtual  and  negative.  It  is  more  convenient,  then,  to  remain  a 
fixed  distance  of  1  m.  from  the  subject  and.  liy  putting  up  the  necessary 
lenses,  secure  the  point  of  reversal  by  making  the  eye  artificially  M.  1  D. 
Then  the  correcting  lenses  are  those  producing  the  point  of  reversal,  with  the 
addition  of  -\  D.  sph.  to  allow  for  the  artificial  M.  caused.  Thus  if  the 
shadow  is  neutralized  with  +4  D.,  the  correcting  lens  is  +4  -  l=+3  D.  If 
it  is  - 4  D.  the  correction  is  -4-l=-5D.  and  so  on.  Of  course  the  posi- 
tion of  the  observer  can  be  altered  at  will,  and  sometimes  it  is  more  con- 
venient to  work  at  a  shorter  or  a  greater  distance  than  1  m.     Whatever  the 
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distance,  however,  the  procedure  is  the  same,  but  the  final  added  lens  must 
always  be  (hat  concave  whose  focal  length  equals  the  distance  of  the  mirror  from 
the  eye.  Theoretically  it  is  possible  to  work  at  so  great  a  distance  that  the 
lenses  found  to  give  the  point  of  reversal  would  also  be  the  correction,  no 
additional  negative  spherical  being  required.  But  practically  this  is  not  at 
all  easy,  as  it  is  difficult  to  see  the  reflex  at  any  great  distance,  and  it  is  in- 
convenient for  making  the  necessary  changes  in  the  lenses.  Good  results 
are  obtained  sometimes  from  working  at  50  cm.,  especially  in  the  first  stages 
o£  high  H.  and  M.  as  the  reflex  is  brighter  at  the  shorter  distance. 

The  Long-Focus  Concave  Mirror  causes  movements  of  the  reflex  and 
shadow  precisely  the  same  with  a  plane  mirror,  but  the  illumination  is  very 
much  superior.  This  jirinciple  is  applied  in  the  Orthops  retinoscope,  which 
consists  of  a  long-focus  concave  such  that  the  crossing  point  of  the  reflected 
light  would  be  behind  the  subject's  head. 

If  the  observer  be  at  1  m.  and  the  mirror  is  plane  or  long-focus  concave — • 

In  H.  of  any  degree 

In  Em. 

In  M.  under  1  D. 

In  M.  1  D. 

In  M.  over  1  D. 


I  The  movements  of  the  reflex  and  shadow 
are  with  the  rotation  of  the  mirror. 

No  movement  is  appreciable. 
The  movements  are  against  the  rotation 
of  the  mirror. 


Concave  Mirror. 

When  a  concave  mirror  is  referred  to,  the  ordinary  one  of  25  cm.  or  10  inch 
focal  length  is  indicated.  With  the  lamp  at  1-25  m.  a  real  image  of  it  is 
formed  at  30  cm.  from  the  mirror  or  70  cm.  from  the  observed  eye  when  the 
distance  between  the  two  is  1  m. 

If,  instead  of  a  plane,  such  a  concave  mirror  be  used,  all  the  movements 
seen  with  the  former  are  exactly  reversed.  This  is  due  to  the  fact  that,  with 
the  concave  mirror,  the  efiective  source  of  illumination  is  the  real  image  of  the 
stationary  source,  and  this  moves  in  the  same  direction  as  the  mirror,  while, 
with  the  piano,  the  effective  source  is  virtual  and  has  an  opposite  movement  to 
that  of  the  mirror.  Thus  the  various  shadow  movements  are  all  just  the 
contrary  to  those  of  a  plane  mirror  provided  the  conjugate  focal  distance  of  the 
lamp,  formed  by  the  Cc.  mirror,  is  less  than  the  distance  of  the  observer  to  the 
observed  eye. 

The  action  of  an  ordinary  concave  mirror  in  rctinoscopy  will  be  seen  from 
Fig.  114,  which  represents  a  case  of  H.  As  before  S  is  the  source  of  light,  M 
the  mirror  and  0  the  observed  eye.  Light  diverges  from  S  to  the  mirror  and  is 
converged  to  the  real  conjugate  image  S' ,  from  wliich  the  light  again  diverges 
to  illuminate  the  fundus  at  F.  The  rays  diflused  by  the  fundus  emerge  into 
the  air  as  if  divergent  from  the  virtual  far  point  R.  If  the  mirror  be  rotated 
to  M',  to  the  left,  S'  also  moves  to  the  left  towards  S" ,F  moves  to  the  right  to 
F',  and  R  also  to  the  right  to  R' .  Now  R  and  R'  being  virtual,  the  observer 
behind  M  sees  the  reflex  as  moving  towards  the  right  or  in  an  opposite  direction 
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to  that  of  the  concave  mirror  M.  Similarly  it  can  be  shown  that,  for  any  other 
refractive  condition,  the  shadow  movements  are  reversed  to  those  of  the  plane 
mirror  on  account  of  >S'  being  real  instead  of  virtual. 

With  the  concave  mirror,  the  observer  being  at  1  m. — 

In  H.  of  any  degree  .  .  .  .  .  .  •  •  1  m  *.      r  i.i        <i  i    i     i 

T    _,  '        "  I  The  movements  of  the  reflex  and  sliadow 

In  Jlim . .  . .  . .  . .    ,  ■       ^1  e  J.L 

_-,,,,,  are  a//ai7i«<  those  of  the  mirror. 

In  M.  under  ID.  )  '' 

In  M.  1  D.  . .  .  .  . .  . .  .  .       There  is  no  movement  appreciable. 

In  M.  over  ID.  . .  . .  . .  . .       Tlie   movements  are   uitlt  those  of  the 

mirror. 

Summary.-  In  all  condition.s  of  refraction  of  the  eye  the  darkness  move."? 
with  the  rotation  of  a  plane  mirror  because  the  effective  source  moves  in  the 
contrary  direction;  while  the  darkness  moves  against  the  rotation  of  an  ordin- 
ary concave  mirror  because  the  effective  source  moves  in  the  same  direction. 
Only  in  M.,  with  the  P.  R.  in  front  of  the  observer,  the  opposite  to  the  fore- 
going appears  to  occur  because  one  has  to  deal  with  a  real  instead  of  a  virtual 
image  of  the  fundus.  The  nature  of  the  mirror  and  therefore  of  the  entering 
light  has  no  effect  whatever  on  the  nature  of  the  emergent  light,  the  latter 
depending  solely  on  the  refraction  of  the  eye. 


r^^R 
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Astigmatism. ^ — In  As.  we  may  say  that  there  are  two  far  points  correspond- 
ing to  the  principal  powers  of  the  eye.  Thus  light  diverging  from  some  point 
on  the  fundus  is  brought  to  a  focus  outside  the  eye  in  the  shape  of  two  focal 
lines,  both  of  which  may  be  virtual,  or  real,  or  one  real  and  the  other  virtual. 
Both  are  real  in  com[K)und  M.  As.,  both  virtual  in  compound  H.  As.,  and  one 
real  and  one  virtual  in  mixed  As.  The  form  of  the  fundus  illumination  of 
an  astigmatic  eye  will,  in  general,  be  elliptical  but,  unless  in  very  high  errors, 
the  difference  in  the  i)owers  of  the  principal  meridians  is  so  slight  that  the 
reflex  of  a  round  source  will  also  be  practically  circular  and,  therefore,  the 
general  play  of  the  shadow  is  similar  to  that  in  ordinary  H.  and  M. 

If  the  principal  meridians  are  known,  and  the  mirror  rotated  lirst  parallel 
to  the  one  and  then  to  the  other,  a  difference  in  speed  and  sometimes  in 
direction  will  be  noticed  between  the  two  shadows.  This  is  due,  of  course, 
to  the  (lilTerent  degrees  of  error  at  right  angles  to  each  other,  and  the  move- 
ments of  the  shadow  in  the  princij)al  meridians  conform  to  the  ordinary 
rules  given  alxive  for  simjile  H,  and  M.     Thus  in  rompound  H.  As.  with  the 
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maximum  power  vertical,  the  plane  mirror  will  produce  with  shadows  in  both 
the  horizontal  and  vertical  but  the  movement  in  the  horizontal  will  be 
slower  than  that  in  the  vertical.  In  a  similar  case  of  M.  As.  the  slower 
against  movement  would  be  in  the  vertical  and  the  quicker  in  the  horizontal. 
If  the  movement  of  the  mirror  be  oblique  to  the  principal  meridians,  the 
reflex  and  shadow  may  follow  the  mirror,  but  generally  the  apparent  move- 
ment of  the  shadow  takes  place  only  along  the  principal  meridians,  no  matter 
in  what  meridian  the  mirror  may  be  rotated.  This  occurs  in  the  hand  appear- 
ance of  the  reflex. 

In  compound  M.  As.  both  lines  are  real  and  formed  in  the  air.  Now  if 
the  observer's  eye  should  happen  to  coincide  with  either  line  the  reflex  will 
take  the  form  of  a  more  or  less  well-defined  band  parallel  to  one  of  the  principal 
meridians.  The  formation  of  the  band  is  easily  understood.  Since  the  eye 
is  coincident  with  a  focal  line,  it  is  also  at  the  point  of  reversal  of  one  of  the 
principal  meridians,  and  therefore  in  one  direction  the  reflex  extends  right 
across  the  pupil  to  appear  and  disappear  suddenly  as  the  mirror  is  rotated. 
At  right  angles  to  this  meridian,  however,  the  light  is  either  crossed  or  un- 
crossed, and  therefore  has  the  usual  with  or  against  movement  as  the  mirror 
is  rotated.  For  instance,  suppose  a  case  of  compound  M.  As.  where  there  is 
excess  of  2  D.  in  the  vertical  and  3  D.  in  the  horizontal.  Light  diverging 
from  a  point  on  the  fundus  focuses  at  two  lines  at  50  and  33  cm.  respectively, 
the  one  at  50  cm.  being  horizontal  and  that  at  33  cm.  vertical.  If  now  the 
observer  commence  with  the  plane  mirror  at  1  m.  he  will  get  nearly  equal 
against  movement  of  the  shadow  in  all  meridians,  and  the  reflex  will  be 
approximately  circular.  On  approaching  the  observed  eye  the  shadow  will 
be  quicker  and  will  show  a  tendency  to  confine  its  movement  to  the  horizontal 
and  vertical  planes.  At  50  cm.  the  reflex  will  be  seen  to  extend  right  across 
the  pupil  vertically,  and  in  this  meridian  no  movement  will  be  seen, since  50  cm. 
is  the  point  of  reversal  for  that  meridian.  In  the  horizontal  the  movement 
is  still  against,  the  combination  of  the  two  giving  the  vertical  bandlike  appear- 
ance./From  50  cm.  to  33  cm.  the  observer  will  see  a  very  quick  vertical  with 
and  a  horizontal  against  movement,  the  edges  of  the  reflex  tending  now  to 
broaden  out  in  the  horizontal.  When  33  cm.  is  reached,  there  will  now  be  a 
horizontal  band  showing  no  movement  horizontally  but  witJi  vertically.  Within 
33  cm.  the  reflex  will  return  to  its  approximately  spherical  shape,  the  move- 
ment in  all  meridians  being  with  the  plane  mirror. 

At  first  sight,  therefore,  it  is  often  impossible,  except  for  a  practised 
observer,  to  detect  the  presence  of  As.  This  is  especially  so  in  H.  and  in  low 
differences.  In  practice  the  observer  secures  the  point  of  reversal  by  means 
of  -|-  or  -  lenses  which  bring  the  first  line  to  his  eye.  The  other,  in  H.,  will 
then  be  behind  his  head  and  can  be  brought  forward  by  means  of  that  -f-  cyl. 
which  gives  the  point  of  reversal  in  the  opposite  meridian.  In  M.  the  more 
distant  focal  line  is  at  the  eye  of  the  observer,  and  therefore  a  concave  cyl., 
similarly  placed,  must  be  employed  to  give  also  reversal  in  the  opposite 
meridian. 
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The  beginner  iiiust  not  expect  to  find  a  well-defined  band  movement  in 
every  instance — a  well-marked  case  is  the  exception  rather  than  the  rule.  The 
As.  must  be  fairly  high  in  degree.  Aberration  mitigates  against  the  formation 
of  sharp  or  well-defined  shadows,  but  matters  may  often  be  improved  by 
using  a  small  source  of  light.  When  the  band  is  obtained  the  cyl.  is  required 
with  its  axis  parallel  to  it.  The  essential  point  about  the  correction  of  As. 
is  that  the  mirror  rotations  shall  be  in  the  principal  meridians  only.  This  may 
not  be  possible  at  the  commencement  of  the  test,  especially  if  the  As.  is  of  low 
degree,  but  becomes  possible  when  one  meridian  is  neutralized,  or  nearly  so, 
and  in  any  case  is  necessary.  Directly  an  oblique  shadow  movement  is 
observed  the  principal  meridians  become  known. 

That  in  astigmatism,  especially  when  near  the  point  of  reversal,  the  shadow 
movement  is  apparently  confined  to  the  principal  meridians,  is  an  optical 
illusion  due  to  the  shape  of  the  reflex  itself.  The  reflex  and  shadow  always 
actually  move  in  a  direction  parallel  to  that  of  the  mirror.  This  can  be  illus- 
trated by  means  of  a  sketch.     Let  Fig.  115  represent  a  case  of  oblique  astig- 
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matism  such  that  135°  is  a  principal  meridian.  Let  R  be  the  band,  only  a 
portion  of  which  is  visible  through  the  pupillary  aperture.  If  now  the  mirror 
be  so  rotated  that  the  reflex  moves  in  the  horizontal  plane  AB  from  R  to  R', 
\ he  apparent  movement  will  be  in  meridian  135°.  This  resembles  the  effect 
of  moving  an  oblique  cyl. 

Intensity  ol:  Reflex. — The  brightness  of  the  reflex  depends  upon  the  degree 
of  Am.  in  the  eye  under  observation.  The  higher  the  Am.  the  more  feeble  will 
be  the  reflex,  for  two  reasons:  (1)  In  H.  and  M.  the  light  from  the  mirror  is 
spread  over  a  larger  area  of  the  fundus  than  if  the  image  were  perfectly  sharp 
thereon.  (2)  The  emergent  cones  of  light  are  divergent  in  H.  and  M.  over 
1  D.  when  they  reach  the  observer's  eye,  this  divergence  imreasing  with  the 
Am.,  so  that  only  a  small  projjortion  of  the  light  constitutes  the  reflex.  In 
some  instances  of  very  high  M.  no  reflex  at  all  can  be  seen  with  the  plane 
mirror  until  a  fairly  strong  concave  lens  is  put  up  to  reduce  the  extreme 
convergence  of  the  light  towards  the  P.  R.  The  brightest  reflex  is  not,  how- 
ever, obtained  in  Km.  but  in  M.  1  D.  or  in  other  conditions  it  is  brighteet  at  the 
point  of  reversal  because,  in  this  position,  the  whole  of  the  light  diverging 
from  any  fundus  point  is  converged  to  the  pupillary  aperture  of  the  observer. 
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The  nature  of  the  mirror  also  governs  the  intensity  of  the  reflex.  Gener- 
ally there  is  not  much  to  choose  between  the  intensity  given  by  the  plane  and 
ordinary  10"  Co.  of  equal  aperture  at  1  m.  Within  this  distance  the  Cc.  gives 
the  brighter  reflex,  and  beyond  it  the  piano.  The  question  of  aperture  is, 
however,  of  much  greater  importance  in  this  connection  in  the  case  of  the 
concave,  and  therefore  the  latter  should  be  as  large  as  possible  in  order  to 
secure  the  maximum  illumination.  The  Orthops,  for  its  size,  gives  the 
brightest  illumination,  which  is  sometimes  too  intense.  A  convex  mirror 
would  be  useless  because  it  would  give  so  feeble  an  illumination. 

With  the  concave  mirror,  the  illumination  is  more  feeble  in  H.  since  the 
image  on  the  observed  fundus  is  more  out  of  focus  than  with  the  piano.  On 
the  other  hand,  a  concave  mirror  is  an  advantage  in  medium  and  high  M., 
because  the  focus  of  the  mirror  is  more  nearly  at  the  P.  E.  of  the  eye,  so  that 
the  image  on  the  fundus  may  be  comparatively  sharp  and  the  resultant  reflex 
bright.  Thus  in  M.  it  is  advantageous  to  use  the  concave,  while  in  H.  the 
plane  or  long-focus  concave  (the  Orthops)  gives  the  better  result.  The  latter 
also  gives  a  better  result  when  the  Am.  is  very  high  and  the  reflex  feeble. 
If,  therefore,  at  the  first  glance  the  reflex  is  very  dull  a  change  of  mirror  may 
result  in  an  increase  in  brightness  and  definition  and  the  same  may  be 
obtained  by  approaching  the  eye  since,  .^t  the  shorter  distance,  the  divergence 
of  the  light  from  a  highly  Am.  eye  has  less  effect. 

It  will  be  seen  that  the  reflex  intensity  depends  on  the  volume  of  entering 
light,  the  size  of  the  fundus  area  illuminated  and  the  proportion  of  the  emergent 
light  which  reaches  the  observer's  eye. 

Size  of  Reflex. — -The  image,  real  or  virtual,  of  the  illuminated  fundus  is 
smaller  as  the  Am.  is  higher  because  it  is  then  formed  near  to  the  observed 
eye;  but  the  object,  that  is  the  illuminated  area,  is  then  slightly  larger,  as  the 
circles  of  confusion  are  greater  than  in  Em.  or  low  Am.  The  apparent  size 
of  the  reflex  is,  however,  limited  by  the  observed  pupil,  and  is  therefore 
always  seen  the  same  size,  except  in  fairly  high  Am.,  as  mentioned  in  the 
next  article.  Disregarding  the  effects  of  aberration,  the  reflex  will  apparently 
fill  the  pupil  at  the  point  of  reversal,  no  matter  how  dilated. 

Definition  of  Reflex. — Similarly  the  sharpiics'i  of  the  boundary  between 
reflex  and  shadow  depends  upon  the  Am.  and  also,  to  a  lesser  degree,  upon 
the  nature  of  the  mirror  used.  The  more  perfect  the  retinal  image  of  source, 
the  sharper  and  cleaner  will  be  the  shadow. 

In  H.  and  M.,  provided  the  source  of  light  is  circular,  the  reflex  and  shadow 
take  the  form  of  a  crescent  whose  curvature  is  greater  as  the  Am.  is  higher, 
because  then  the  reflex  image  is  small.  With  lower  degrees  of  error  the 
shadow  is  less  curved  so  that,  in  low  Am.  when  near  the  point  of  reversal, 
the  shadow  may  appear  quite  straight  owing  to  the  great  size  of  the  reflex 
image,  only  a  small  portion  of  which  is  seen  through  (in  H.),  or  projected  on 
to  (in  M.),  the  pupil  of  the  observed  eye.  On  the  other  hand,  sometimes,  in 
high  H.  or  M.,  the  whole  of  the  reflex  may  be  seen  as  an  ill-defined  circle  of 
illumination,  which  enlarges  as  the  trial  lenses  are  successively  put  up. 
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The  nearer  the  source  of  illumination  to  the  1*.  R.  of  the  eye,  the  clearer 
will  be  the  retinal  image,  so  that  in  Em.  a  plane  mirror  or  a  very  weak  concave 
paving  parallel  reflected  light  will  produce  the  sharpest  reflex.  Similarly  in 
H.  a  long-focus  concave  and  in  myopia  a  short-focus  concave  will,  before  any 
lenses  are  put  up,  give  the  clearest  reflex.  In  each  case  the  effective  source 
most  nearly  corresponds  to  the  far  point  of  the  observed  eye.  . 

Speed  of  Reflex. — ^The  speed  of  the  reflex,  i.e.  the  relative  movement  of 
tlie  shadow  for  a  given  rotation  of  the  mirror,  depends  both  on  the  focal 
length  of  mirror  and  degree  of  Am. 

The  higher  the  Am.,  the  nearer  is  the  far  point  (or  image  of  the  fundus) 
to  the  observed  eye,  and  therefore  the  slower  is  the  reflex,  for  any  given  move- 
ment of  the  fundus  illumination.  Also  it  appears  to  be  slow  owing  to  the 
larger  fundus  area  illuminated.  When  the  far  point  is  distant  there  is  a 
relatively  large  linear  movement  for  a  given  angular  movement  of  the  reflex. 
The  maximum  speed  is,  of  course,  attained  when  the  reflex  is  close  to  the  point 
of  reversal. 

The  speed  is  increased  as  the  effective  source  produced  by  a  concave  mirror 
is  nearer  the  observed  eye,  since  it  then  moves  more  for  a  given  rotation  of  the 
mirror.  Such  changes  could  result  from  using  one  of  longer  focus  or  by 
approaching  the  eye.  With  a  plane  mirror  there  is  no  appreciable  difference 
due  to  a  change  of  position  of  the  observer  or  of  that  of  the  lamp. 

Presuming  that  the  use  of  a  convex  mirror  were  practicable,  the  reflex 
would  be  slowest  of  all ;  it  is  most  rapid  with  the  Orthops,  and  therefore  the 
latter  is  useful  in  the  first  stages  of  a  test  in  high  Am. 

Aberrations.— Hitherto  we  have  assumed  the  reflex  and  shadow  to  be 
distinct  and  of  clean  outline,  subject  only  to  simple  direct  and  easily  observed 
changes  of  position.  In  practice,  unfortunately,  it  is  not  infrequent  to  find 
i  ust  the  reverse ;  the  shadow  is  badly  defined,  has  apparently  no  regidar  action, 
and  the  reflex  itself  is  broken  and  variable. 

Spherical  Aberration. — This  is  common  to  the  great  majority  of  eyes, 
l)ut  is  usTially  too  slight  to  cause  any  inconvenience  to  retinoscopy.  It  is  an 
unequal  refractive  j)ower  in  the  various  zones  of  the  dioptric  system  as  a 
whole,  and  is  generally  jjositire,  i.e.  the  more  peripheral  regions  have  a  higher 
power  as  compared  with  the  centre  so  that,  although  light  may  issue,  say, 
parallel  immediately  round  the  visual  a.xis,  it  is  convergent  from  the  outer 
zones.  If  the  opposite  occurs,  which  is  sometimes  the  case,  the  peripheral 
light  is  relatively  less  refracted  than  the  central,  and  the  aberration  is  then 
said  to  be  nerjalire.  The  eft'ect  of  spherical  aberration  in  retinoscopy  is  some- 
times very  marked,  especially  when  the  pupils  are  dilated  to  any  extent,  as 
under  atropine.  It  is  characterized  by  a  ring  of  light  at  the  border  of  the 
luipil,  separated  by  a  darkish  space  from  the  central  reflex,  the  two  sometimes 
having  opposite  movements,  when  the  observer  is  favourably  situated. 
In  other  words  there  is  a  different  point  of  reversal  for  the  periphery  and  for 
the  centre,  and  the  former  nuiy  lie  within  or  beyoml  the  latter,  depending  on 
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whether  the  aberration  is  positive  or  negative.  Spherical  aberration  is  rarely 
seen  in  undilated  pupils  but,  when  present,  the  attention  should  be  concen- 
trated on  the  central  light  area  only  so  far  as  possible. 

Scissors  Movement. — This  may  be  taken  as  a  variety  of  irregular  astig- 
matism, although  the  cause  may  not  be  any  actual  irregularity  of  the  indi- 
vidual refracting  surfaces.  In  appearance  the  shadow  is  split  into  two 
portions  which,  as  the  mirror  is  rotated,  advance  from  opposite  sides  of  the 
pupil  to  meet  and  merge  into  one  another,  giving  the  effect  of  closing  the 
blades  of  a  pair  of  scissors.  On  rotating  the  mirror  in  the  opposite  direction, 
the  blades  apparently  open  again  and  disappear  at  opposite  sides  of  the 
pupil.  Some  uncertainty  exists  as  to  the  actual  cause  of  this  phenomenon, 
but  it  is  generally  ascribed  to  coraa,  due  to  the  obliquity  of  one  or  more 
surfaces  of  the  dioptric  media  to  the  path  of  the  incident  light.  This  theory 
is  apparently  confirmed  by  the  fact  that,  in  an  eye  having  a  normal  reflex 
for  direct  light,  the  scissors  movement  may  be  obtained  by  directing  the  beam 
very  obliquely  to  the  optic  axis.  Again,  a  tilted  sjjherical  in  front  can 
generally  be  made  to  produce  a  like  efiect. 

In  any  eye  suffering  from  a  considerable  degree  of  irregularity  or  aberra- 
tion, the  application  of  retinoscopy  with  success  is  difficult,  if  not  impossible. 
In  many  cases,  however,  a  considerable  improvement  in  the  action  of  the 
shadow  may  be  obtained  by  the  observer  shifting  his  jDosition  from  one  side 
to  the  other  in  order  to  utilize  the  areas  of  least  error. 

Points  on  Retinoscopic  Difficulties. — Apart  from  the  aberrations  previously 
mentioned,  the  successful  application  of  the  shadow  test  is  attended  by  certain 
difficulties.  The  chief  of  these  is  the  unreliability  of  the  average  correction, 
unless  made  under  atropine  to  insure  that  all  accommodation  be  passive. 
Any  correction  found  in  the  ordinary  way  with  undilated  pupils  should  ahvays 
be  carefully  confirmed  at  the  distance  chart;  sometimes  the  two  will  be  found 
to  agree  almost  exactly,  while  in  others  a  considerable  modification  is  neces- 
sary. On  the  other  hand,  the  strong  aberration  of  a  fully  dilated  jiupil  is 
sometimes  confusing,  also  the  mean  refraction  of  an  eye  fully  dilated  may 
difier  quite  considerably  from  that  of  the  same  eye  with  ordinary  pupil,  usually 
in  the  direction  of  less  refraction,  but  sometimes  the  contrary.  Therefore 
the  best  condition  under  which  retinoscopy  can  be  carried  out  is  an  inter- 
mediate dilatation  between  the  normal  and  extreme ;  this  would  average  about 
5  mm. 

The  small  pupils  generally  encountered  in  older  people  arc  a  serious  stum- 
bling-block and,  in  addition,  the  hazy  media  in  later  life  render  the  reflex 
dull  and  uncertain.  Both  a  small  pupil  and  hazy  media  limit  the  entering 
and  cinerging  light;  moreover  the  former  gives  but  a  small  object  of  view 
to  the  observer;  indeed  a  very  small  pupil  renders  the  application  of  retin- 
oscopy almost  impossible.  Excessive  pigmentation  of  the  choroid,  even  with 
large  pupils,  may  also  render  the  test  difficult  owing  to  the  abnormal  absorp- 
tion of  light. 
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Differences  between  the  retinosoopic  and  subjective  corrections  may  be 
clue  to  various  causes;  perhaps  the  most  common  is  that  of  variable  accom- 
modative action.  Another  important  factor  is  the  inability  to  take  the 
refraction  along  the  visual  axis  owing  to  the  strong  contraction  of  the  pupil, 
so  that,  in  undilated  cases,  we  are  forced  to  project  the  beam  somewhere  in 
the  region  of  the  optic  disc.  But  as  the  depth  of  the  globe  is  seldom  equal 
at  the  macula  and  disc,  the  corrections  obtained  at  the  two  points  may  then 
vary  even  as  much  as  perhaps  1  D.  or  2  D.,  since  it  must  be  remembered  that 
an  axial  difference  of  only  -3  mm.  is  sufficient  to  cause  a  dioptric  difference  of 
1  D.  in  the  refraction.  To  overcome  tliis  difficulty  to  some  extent,  the  refrac- 
tion should  be  taken  as  nearly  as  possible  along  the  visual  axis,  and  if  secured 
in  the  region  of  the  posterior  pole  no  very  serious  difference  can  arise.  Also 
it  is  thought  that  the  fundus  is  less  reflective  at  the  fovea  than  elsewhere. 

The  obliquity  of  the  light  to  the  dioptric  media  may  also  be  the  cause  of 
artificial  As.  in  the  crystalline  lens,  but  this  point  has  not  been  confirmed  in 
any  definite  way.  If  it  were  so  we  should  always  expect  to  get  more  power 
in  the  horizontal  meridian,  but  in  practice  this  is  by  no  means  the  case.  How- 
ever, since  obliquity  of  the  illuminating  beam  is  liable  to  introduce  error  either 
of  aberration  or  false  depth  of  globe,  it  should  be  avoided  as  much  as  possible. 
Frequently,  however,  the  reflex  is  very  much  brighter  in  oblique  incidence, 
this  being  due  to  the  relatively  whitish  appearance  of  the  disc  as  compared 
with  the  surrounding  fundus.  Eeflections  from  the  cornea  and  trial  lenses 
are  often  annoying  to  beginners,  but  they  can  be  got  rid  of  by  shifting  position 
slightly. 

The  lenses  employed  to  produce  the  neutrality  point  may  impair  the  defim- 
tion  of  the  shadow;  and  for  this  and  other  reasons,  when  near  the  point  of 
reversal  it  is  often  very  diflScult  to  say  which  of  two  or  three  lenses  is  the 
correct  one,  and  in  such  cases  it  is  best  to  note  those  giving  opposite 
movements;  the  mean  of  these  will  be  that  gi\"ing  the  point  of  reversal. 
Thus,  if  +  3-5  D.  gives  a  decidedly  u-itli  movement  and  a  -f  4-0  D.  an 
equally  marked  against  movement  the  reversing  lens  is  +  3-75  D. 

Although  the  reflex  is  dull  in  high  Am.,  yet  the  sluggish  movement  is 
a  considerable  advantage,  as  the  shadow  can  be  followed  with  great  ease; 
as  the  lenses  put  up  approach  nearer  and  nearer  to  the  correction,  so  does 
the  shadow  quicken  and  its  observation  become  more  difficult.  Yet  increased 
speed  is  an  advantage  in  high  Ametropia  but  a  disadvantage  in  low  errors 
and  when  neutralization  is  approached.  Thus,  while  the  plane  mirror  is 
the  best  for  the  final  stages  of  a  test,  the  Orthops  may  be  the  best  for  the  first 
stages  on  account  of  the  higher  illumination  and  speed  which  it  gives,  or  the 
concave  for  high  M.  Thus  the  best  form  of  mirror  varies  not  only  with  the 
nature  of  the  error  but  also  with  the  stage  of  the  test.  The  trouble,  however, 
in  changing  mirrors,  and  the  possible  confusion  arising  therefrom,  may  more 
than  counterbalance  advantages  arising  from  it. 

Advantages  o£  Retinoscopy.— The  principal  value  of  retinoscopy  lies,  of 
course,  in  the  fact  that  it  is  an  ohjectwe  method  of  estimating  the  refraction 
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— that  is,  the  observer  need  only  rely  on  his  own  deductions  and  is  quite 
independent  of  the  subject.  It  is,  therefore,  valuable  in  the  case  of  young 
children,  illiterates,  mutes,  etc.,  and  generally  those  whose  answers  are 
insufficient  or  unreliable  in  the  ordinary  subjective  test.  In  fact,  anything 
that  renders  the  operator  independent  of  the  subject  must  be  of  value, 
and  for  that  reason  alone  retinoscopy  is  well  worth  the  trouble  taken  to 
master  it. 

Since  the  test  is  carried  out  in  almost  complete  darkness,  there  is  generally 
a  much  greater  relaxation  of  accommodation  than  in  ordinary  circumstances. 
This  has  been  thought  to  be  partly  due  to  the  fact  that  in  the  dark  nothing 
is  distinctly  seen,  so  that  Ac.  naturally  relaxes,  and  partly  to  the  dilatation 
of  the  pujiil,  the  existence  of  a  sympathetic  action  between  the  sphincter  iridis 
and  ciliary  being  recognized.  Such  a  relaxation,  therefore,  is  valuable  in 
all  cases  of  ametropia,  but  most  particularly  in  H.  with  a  tendeiicy  towards 
clonic  spasm  so  frequently  found  when  testing  in  the  ordinary  way.  On  the 
other  hand,  in  some  cases,  Ac.  is  less  relaxed  in  a  dark  room  than  when 
"  fogged."  Retinoscoj)y  is  also  of  great  utility  in  cases  where  the  vision 
is  so  low  that  no  satisfactory  result  can  be  at  first  obtained  by  the  chart. 
The  retinoscope  will  at  once  show  the  general  nature  of  the  error  and,  what  is 
still  more  important;  the  presence  of  high  regular  or  irregular  As.  If  the 
former,  the  approximate  correction  may  be  at  once  arrived  at  and  this, 
when  tried  at  the  chart,  will  generally  be  found  to  have  increased  the  vision 
to  a  degree  rendering  possible  the  ordinary  routine.  Also  it  may  be  occasion- 
ally found  that  chents  have  great  difficulty  in  understanding  what  is  required 
of  them  during  the  astigmatic  test  with  the  fan  or  diamond,  and  it  is  in  such 
cases  that  the  retinoscope  is  useful  in  obtaining  information  not  available  by 
other  means.  Again,  if  visual  acuity  is  naturally  bad,  i.e.  if,  with  the  best 
possible  correction,  it  is  very  subnormal,  such  correction  is  very  difficult  to 
arrive  at  subjectively.  The  answers  are  vague  and  the  results  uncertain — in 
fact,  the  low  acuity  precludes  anything  but  an  approximate  result.  In  these 
circumstances,  therefore,  tlie  retinoscope  will  probably  give  a  much  closer 
correction. 

It  should,  however,  be  fully  realized  that  any  objective  test  needs  to  be 
confirmed  subjectively.  For  the  ordinary  case  the  lenses  which  give  best  and 
most  comfortable  sight  are  required  and  these  ai-e  not  necessarily  disclosed 
by  neutralization  of  the  error  in  a  dark  room. 

Irregular  Astigmatism  is  generally  easily  recognized  under  the  retino- 
scope. The  reflex  is  more  or  less  broken,  and  no  definite  shadow  can  be 
seen  at  all  when  anywhere  near  the  point  of  reversal.  If  the  irregularity 
is  accompanied  by  any  high  degree  of  ametropia  the  preliminary  shadows 
may  be  fairly  distinct,  but  as  the  successive  lenses  are  put  up  the  shadow 
soon  loses  all  definite  form,  rendering  anything  but  an  approximate  cor- 
rection impossible. 

Conical  Cornea  is  a  variety  of  irregular  astigmatism  whercnu,  owing  to  a 
weakening  of  the  tissue,  the  cornea  bulges  forward  in  the  shape  of  a  conn 
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which  may,  or  may  not,  have  its  apex  at  the  anterior  pole.  The  immediate 
result  is  a  condition  of  high  myopia  in  the  region  of  the  apex,  the  refraction 
diminisking  towards  the  base,  where  the  M.  may  entirely  disappear  and 
be  replaced  by  H.  We  may,  therefore,  under  the  retinoscope  get  opposite 
movements  for  the  centre  and  for  the  periphery,  but  generally  both  are 
characteristic  of  M.  The  difference,  however,  at  the  centre  and  periphery  is 
such  that,  while  the  outer  portions  of  the  shadow  move  comparatively 
quickly,  the  central  part  is  extremely  sluggish  and  may  almost  appear 
stationary.  This  gives  rise  to  the  curious  appearance  of  the  reflex,  whicli 
has  a  swirling  motion  around  a  certain  point,  this  point  being  the  apex 
of  the  cone.  The  greater  the  deformity  the  more  marked  is  the  shape  of 
the  reflex,  but,  in  the  initial  stages  of  the  disease,  the  swirl  of  the  reflex  is 
so  slight  that  it  may  be  mistaken  for  the  effect  of  ordinary  spherical  aberra- 
tion, or  may  escape  notice  altogether. 

Equipment. — The  essential  apparatus  for  retinoscopy  comprises  only  a 
test  case,  trial  frame  and  mirror.  For  preference  the  frame  should  be  of 
the  drop-cell  type  in  order  to  facilitate  the  changing  of  lenses ;  the  springs 
on  the  better  class  of  frame  are  apt  to  be  troublesome,  especially  as  the 
test  is  carried  out  practically  in  darkness.  Both  kinds  of  mirror  should 
be  at  hand  as  it  is  often  necessary  to  change  from  one  to  the  other,  and 
it  is  convenient  to  have  some  distinction  between  them,  such  as  a  difference 
in  size,  or  length  of  handle.  The  piano  should  be  about  the  same  diameter 
as  an  ordinary  trial  lens,  i.e.  IJ  inches,  as  this  very  conveniently  fits  into 
the  angle  formed  by  the  nose  and  frontal  bone  of  the  face,  thus  enabling 
a  steady  grip  to  be  maintained  on  the  mirror.  Also  then  the  aperture  comes 
naturally  in  front  of  the  pupil — a  big  advantage  to  beginners.  If  the  mirror 
is  large  it  is  not  so  easily  handled  and  has  to  be  held  some  distance  from  the  eye. 
A  small  mirror  should  be  avoided  as  it  has  a  tendency  to  cut  off'  its  virtual 
image  too  quickly,  whereby  a  good  shadow  is  apt  to  be  ill-defined  and  in- 
definite when  passing  out  of  the  pupillary  aperture.  Nevertheless  some  good 
men  prefer  and  recommend  a  small  mirror.  Similar  remarks  also  apply  to  the 
concave,  but  a  large  concave  gives  a  distinctly  brighter  illumination  than  a 
small  one.  In  neither  mirror  should  the  sight-hole  be  larger  than  is  absolutely 
necessary,  and  generally  a  diameter  of  2  to  3  mm.  will  be  found  to  be  ample. 
A  large  sight-hole  casts  an  annoying  shadow  at  the  centre  of  the  reflex, 
especially  if  a  small  source  is  in  use,  and  for  that  reason  should  be  avoided. 
An  aperture  too  small  is  apt  to  give  rise  to  a  "ghost,"  especially  if  the  mirror 
is  perforated.  For  beginners  a  long-handled  mirror  will  be  found  much  easier 
to  manipulate  than  the  short  folding  type. 

As  regards  the  room,  this  should  be  as  dark  as  possible  in  order  to  induce 
relaxation  of  Ac.  and  dilatation  of  the  pupils.  Some  little  light  is,  however, 
necessary  in  order  to  handle  the  lenses  and  therefore,  for  preference,  the  test 
case  should  be  placed  imder  the  lamp,  so  that,  if  necessary,  the  light  can  be 
reflected  from  the  retinoscope  mirror  into  the  case  when  a  lens  is  required. 
The  same  device  should  be  made  use  of  in  determining  the  axis  on  the  frame — 
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that  is,  light  from  the  mirror  may  be  directed  on  to  the  frame  when  adjusting 
cyls.,  etc.  It  is  a  mistake  to  have  the  room  absolutely  dark;  rather  there 
should  be  sufficient  light  to  show  np  vaguely  the  opposite  wall,  so  that  the 
subject  may  have  somewhere  to  direct  his  gaze.  Many  prefer  a  special 
fixation  point,  e.g.  a  small  electric  light  in  a  dense  blue  globe,  which  serves  to 
keep  the  subject's  eyes  steady  and  away  from  the  mirror.  Such  an  arrange- 
ment tends  rather  to  relax  the  accommodation  and  dilate  the  pupils,  especially 
if  the  fixation  point  is  blue  or  violet,  which  colour  requires  the  minimum  Ac. 
to  focus  on  the  retina. 

The  retinoscopic  source  should,  for  preference,  be  electric,  as  it  can  then 
be  more  completely  enclosed.  If  electricity  is  not  available,  gas  or  an 
ordinary  oil  lamp  may  be  emj)loyed  providing  it  is  fairly  well  screened; 
for  this  purpose  tall  cylindrical  asbestos  chimneys  are  necessary,  and  if 
used  with  an  Argand  burner  will  give  good  results.  The  bracket  supporting 
the  lamp  should  be  adjustable  as  to  height,  projection  and  lateral  swing,  and 
should  be  so  placed  that,  when  in  its  mean  position,  it  projects  just  above 
the  client's  head.  The  aperture  of  the  source  of  light  should  be  as  small 
as  possible,  but  as  sometimes  a  greater  amount  of  illumination  is  required 
than  at  others,  it  should  be  adjustable.  The  iris  form  of  diaphragm  is 
very  convenient  and  should  have  minimum  and  maximum  openings  of 
about  5  mm.  and  25  mm.,  and  the  whole  shade  should  be  easily  detachable  to 
expose  the  source  itself,  which  is  sometimes  to  be  preferred  in  ophthalmoscopy 
and  general  external  examinations  of  the  eyes. 

General  Routine. — Having  seated  the  subject,  the  observer  should  adjust 
the  lamp  above  and  a  little  to  one  side  of  the  head  on  the  same  side  as  the  eye 
to  be  tested.  Having  put  on  the  trial  frame  and  occluded  the  other  eye,  the 
client's  gaze  should  be  directed  to  the  opposite  side  of  the  room  or  fixation 
point;  the  observer  then  takes  up  his  position  at  about  1  m.  distance  and 
directs  the  beam  of  light  somewhere  in  the  direction  of  the  optic  axis,  but  as 
near  to  the  visual  axis  as  possible  without  bringing  the  mirror  into  the  subject's 
line  of  vision.  At  first  some  little  difficulty  may  be  experienced  in  getting 
the  reflected  light  on  to  the  eye  at  all,  and  therefore  both  eyes  should  be  kept 
open  so  that  the  disc  of  illumination  from  the  mirror,  as  it  travels  over  the 
subject's  face  or  clothes,  may  be  followed.  Having  secured  the  reflex,  a 
general  indication  of  the  nature  of  the  defect  should  be  obtained  by  rotating 
the  mirror  in  several  meridians  and  the  point  of  reversal  approximately 
arrived  at  by  means  of  sphericals.  This  preliminary  test  may  be  done 
rapidly  without  any  special  attention  being  paid  to  the  finer  movements  of 
the  shadow ;  it  is  only  when  the  general  point  of  reversal  is  obtained  that  the 
real  test  commences. 

As  in  ordinary  subjective  testing.  As.  is  always  assumed  to  be  present 
until  it  is  proved  to  be  absent.  When  nearing  reversal,  therefore,  the  char- 
acteristic astigmatic  band  should  be  looked  for,  and  apparent  movements  in 
one  particular  direction  will  locate  this  as  a  principal  meridian.  Having 
secured  reversal  for  one  meridian,  that  of  the  other  is  obtained  with  the  neces- 
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sary  cylindrical  axis  parallel  to  tlie  band.  Then  the  lenses  producing  com- 
plets  reversal,  with  the  addition  of  —ID.  sph.,  is  the  required  correction. 
Of  course,  should  reversal  be  obtained  simultaneously  in  all  meridians, 
astigmatism  is  presumed  to  be  absent.  In  practice  it  is  better  to  obtain  a 
decided  reversal  of  the  original  movement  rather  than  an  exact  neutralization. 
The  latter  is  difficult  to  secure  on  account  of  aberration,  and  by  reversing  the 
shadow  movement  we  obtain  a  clearer  knowledge  of  the  refractive  condition. 

Two  or  three  numerical  illustrations  will  perhaps  render  the  general  routine 
somewhat  clearer.  Thus  suppose  an  eye  requires  as  its  correction  +3-0  S. 
c3  +2-0  C.  Ax.  45.  What  will  be  the  general  appearance  of  the  reflex  and 
shadow  as  the  correction  is  arrived  at  ? 

Assuming  the  plane  mirror  to  be  employed,  a  preliminary  examination 
will  show  the  reflex  to  be  approximately  circular,  the  shadow  crescent- 
shaped  and  moving  rather  sluggishly  with  the  mirror;  the  illumination  will 
also  be  dull.  Possibly  a  difference  in  movement  in  the  various  meridians 
may  be  detected  at  this  stage,  but  no  attempt  should  be  made  to  correct  it. 
Convex  sphericals  are  now  put  up,  causing  the  reflex  to  brighten  and  quicken 
until  with,  say,  +  3  D.  in  position,  the  shadow  will  show  a  tendency  to  confine 
itself  to  the  oblique  meridians  45°  and  135°,  and  immediately  this  is  noticed 
the  mirror  rotations  should  henceforth  be  also  confined  to  those  meridians. 
At  this  period  also  a  more  or  less  well-defined  band  may  have  made  its  appear- 
ance, which  is  still  further  accentuated  with  a  +4  D.  in  the  frame.  Complete 
reversal  will  be  found  in  meridian  45°,  the  shadow  at  right  angles  still  moving 
with  the  mirror.  Attention  is  now  concentrated  on  the  movement  in  meridian 
135°,  this  being  neutralized  with  a  +2  D.  cyl.  Ax.  45°.  The  observer  should 
now  approach  slightly  to  see  whether  ivith  movement  again  reappears  equally 
in  the  'principal  meridians;  if  movement  is  apparently  equal  in  all  directions 
the  cyl.  may  be  taken  as  correct ;  on  the  other  hand,  a  slight  modification 
may  be  necessary.  The  lenses  now  in  the  frame  are  +4-0  S.  o  +2-0  C.  Ax. 
45°,  and  therefore  the  correction  found  by  the  addition  of  the  necessary 
- 1  D.  is  +3-0  S.  o  +2-0  C.  Ax.  45°. 

Again,  suppose  a  case  of  3  D.  simple  M.  As.  with  the  maximum  meridian 
at  100°;  concave  mirror  in  use.  The  preliminary  reflex  will  be  approxi- 
mately circular,  but,  on  rotating  the  mirror  in  different  meridians,  a  contrariety 
of  movement  will  be  noticed  approximately  in  the  horizontal  and  vertical — 
the  latter  with  and  the  former  against.  On  a  more  careful  examination,  how- 
ever, the  principal  meridians  will  be  seen  to  lie  just  off  the  vertical  and  hori- 
zontal, but  the  exact  determination  of  the  axis  is  left  until  reversal  in  one 
meridian  is  obtained.  The  horizontal  showing  a  condition  less  than  1  D.  M., 
is  neutralized  with  a  +  lens,  the  strength  necessary  being  +  1  D-  -'^  well- 
marked  band  should  now  be  observable  lying  in  meridian  10°  and  moving 
sluggishly  with  in  meridian  100°.  This  is  arrested  by  means  of  a  —  3-0  cyl. 
axis  10°  so  that  the  total  reversal  correction  is  +  1-0  S.  o  -  3-0  C.  Ax.  10° 
which,  with  the  necessary  addition  of  -  1  D.  S.,  gives  as  the  final  correction 
-  3-0  cyl.  Ax.  10°.     Some  workers  secme  reversal  separately  in  the  principal 
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meridians  by  means  of  sj^lis.  only,  instead  of  leaving  tlie  first  sph.  in  the  frr.me 
and  making  up  the  difference  with  a  cyl.  Either  method  may  be  employed, 
and  indeed  two  cyls.  can  be  used.  There  is  an  advantage  in  employing  a 
cyl.  in  that  it  helps  to  guide  the  rotations  of  the  mirror  in  the  principal 
meridians'. 

Retinoscopic  Calculations. 

In  the  following  the  plane  or  Orthops  mirror  is  presumed  to  be  used;  if 
the  mirror  is  a  short-focus  Cc,  the  movement  is  in  every  case  the  contrary, 
but  the  calculations  are  the  same. 

Now  the  shadow  movement  is  ivith  in  all  cases  of  refraction  in  which  the 
P.  R.  is  negative,  or  if  positive,  behind  the  observer's  head.  If  the  P.  R.  is 
between  the  observer  and  observed  eye  the  movement  is  against.  The 
shadow  is  neutralized  when  the  P.  R.  coincides  with  the  observer's  position 
and  to  reverse  the  shadow  movement  it  must  be  converted  from  ivith  to  against 
or  vice  versa. 

The  neutralizing  lenses  are  those  which  under-correct  M.  or  over-correct 
H.  to  a  degree  equal  to  the  dioptric  distance  of  the  observer. 

The  correcting  lenses  are  the  neutralizing  lenses  plus  a  Cc.  power  equal 
to  the  dioptric  distance  of  the  observer. 

If  +  3  D.  corrects  the  refractive  error,  the  neutralizer  at  2  m.  is  -f  3*5  D., 
at  1  m.  it  is  +  4  D.,  at  50  cm.  it  is  -j-  5  D.  Conversely  if  -f  4  D.  neutralizes 
at  2  m.  the  required  lens  is  -f  3-5  D.,  if  at  1  m..  it  is  -f  3  D.,  if  at 
50  cm.  it  is  +  2  D. 

If  -3D.  corrects  the  refractive  error,  the  neutralizer  at  2  m.  is 
-2-5  D.,  at  1  m.  it  is  -2  D.,  at  50  cm.  it  is  -1  D.  Conversely  if 
-3D.  neutralizes  at  2  m.  the  required  lens  is  -3-5  D.,  at  1  m.  it  is 
-4D.,  at50cm.  is  -5D. 

A  reversing  lens  would  be  always  -25  D.  more  than  the  neutralizing  lens, 
the  latter  being  -f  or  -  according  as  the  original  movement,  which  has  to 
be  reversed,  is  ivith  or  against. 

For  example,  a  jjerson  requires 

0.  D.  +2  -5  S.  o  +  1-5  C.  Ax.  90°;  0.  S.  -3-0  S.  o  -2-0  C.  Ax.  180°. 

The  refractionist  stands  at  66  cm.  so  that  the  eyes  must  be  made  artificially 
myopic  100/66=1-5  D.  in  order  that  the  shadow  movements  may  be  neutral- 
ized. The  neutralizers  are  therefore  0.  D.  +  4  Ver.,  -f  5-5  Hor. ;  0.  S. - 
3-5  Ver.,  -1-5  Hor. 

If  the  original  shadow  movements  are  those  found  without  any  lenses  in 
front  of  the  eye  and  it  is  required  to  reverse  the  shadows,  the  powers  must 
be  0.  D.  +  4-25  Ver.,  -f  5-75  Hor.;  0.  S. -3-75  Ver.,  -1-75  Hor.  With 
these  lenses  0.  D.  is  myo])ic  1-75  D.  and  0.  S.  myopic  1-25  D. 

Static  Skiamctry  is  the  name  generally  used  in  the  United  States  to  denote 
the  practice  of  retinoscoj)y  in  the  ordinary  way,  and  as  explained. 

Dynamic  Sldametry  is  retinoscopy  performed  so  that  the  artificial  myopia, 
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needed  for  reversal,  is  obtained  by  causing  accommodation  for  some  near 
distance,  generally  the  plane  of  the  mirror.  The  subject  is  fully  and  ably 
dealt  with  by  Mr.  A.  Jay  Cross  in  his  work  "  Dynamic  Skiametry,'"  and  Mr 
Cross,  who  is  an  undoubted  authority  on  the  subject,  claims  advantages  for 
the  dynamic  over  the  static  method.  While  frequently,  some  information, 
and  "perhaps  valuable  information,  concerning  an  eye  can  be  obtained  from 
a  dynamic  test,  a  more  definite  theory  with  respect  to  its  practice  seems  vet 
to  be  required. 


CHAPTER  XX 

OPHTHALMOSCOPY 

The  ophthalmoscope  is  an  instrument  employed  for  examining  the  fundus 
of  the  eye  through  the  pupillary  opening.  In  its  simplest  form  it  consists  of 
a  perforated  concave  mirror,  similar  to  that  used  in  retinoscopy,  and  for 
the  indirect  method  of  ophthalmoscopy  no  other  apparatus  is  required,  except 
a  lamp  as  source  of  illumination  and  a  strong  convex  lens,  so  that  a  retino- 
scopic  concave  mirror  can  be  also  employed  as  an  ophthalmoscope,  but  for 
the  direct  method,  and  for  measuring  the  refraction  objectively,  a  more 
elaborate  instrument,  described  later,  is  needed. 

When  the  concave  mirror  is  used  at  the  ordinary  retinoscopic  distance, 
the  red  fundus  reflex  only  is  seen,  but  no  details  are  visible.  This  is  due 
mostly  to  the  very  small  portion  visible  through  the  pupil  at  that  distance, 
but  partly  also  to  the  fact  that  the  emergent  rays  seldom  have  that  divergence 
for  which  the  observer's  eye  is  adapted  at  the  moment.  In  order,  therefore, 
to  overcome  these  difficulties  and  secure  a  detailed  view  of  the  fundus,  we 
must  either  (1)  approach  the  eye  closer  to  that  of  the  client  in  order  to  widen 
the  field  of  view,  or  (2)  by  means  of  a  condenser  form  a  real  image  of  the 
fundus  in  the  air,  which  can  be  brought  easily  within  the  range  of  distinct 
vision  of  the  observer.  The  first  is  called  the  direct  method,  because  it  is 
actually  the  virtual  image  of  the  fundus  that  is  viewed,  and  the  second  the 
indirect,  since  a  real  image  of  the  fundus  is  seen  in  the  air  by  the  aid  of  the 
condensing  lens.  In  the  direct  method  it  may  be  necessary  to  emplo}' 
additional  lenses  to  render  the  image  sharp,  but  in  the  indirect  this  is  rarely 
necessary. 

The  Fundus. — In  both  methods  the  fundus  of  the  eye  is  seen  of  a  bright 
red  colour,  this  coming,  it  is  commonly  supposed,  from  the  bloodvessels 
and  pigment  of  the  choroid.  It  varies  from  dark  to  light  red  according  to 
the  complexion  of  the  individual,  being  largely  dependent  on  the  amount 
of  pigment  in  the  choroid.  In  albinos  the  fundus  is  a  very  light  yellowish- 
red,  upon  which  the  dark  choroidal  vessels  are  seen,  there  being  an  absence 
of  pigment;  while  in  negroes,  owing  to  excessive  pigmentation,  the  fundus 
appears  brown,  chocolate  or  even  slate  coloured.  Between  those  extremes 
there  are,  of  course,  an  infinite  number  of  different  shades. 

In  health  the  retina  cannot  be  seen;  it  is  the  vessels  that  constitute  the 
details  perceived  in  the  healthy  eye.  The  optic  disc  is  the  most  conspicuous 
object  on  the  fundus  and  should  be  looked  for  first;  it  is  about  2-5  mm.  in 
size  and  may  be  circular,  but  is  generally  oval  with  the  long  axis  vertical. 

346 
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The  disc  is  lighter  in  colour  than  the  surrounding  parts  and  its  outer  edge  is 
about  2-5  mm.  from  the  posterior  pole.  In  most  cases  two  partial  or  com- 
plete rings  can  be  seen  surrounding  it  in  health,  the  inner  being  the  white 
{scleral)  ring,  and  the  outer  the  dark  {choroidal)  ring.  The  central  retinal 
bloodvessels  branch  out  from  the  -poms  opticus  in  the  centre  of  the  lamina 
cribrosa. 

The  arteries  are  smaller,  less  tortuous  and  lighter  in  colour  than  the 
veins,  and  have  frequently  a  central  white  streak  running  throughout  their 
length.  The  veins  and  arteries  spread  over  the  entire  fundus  with  the 
exception  of  the  macula  area.  Sometimes  the  disc  itself  is  hollow — the 
physiological  cup — which  depression,  however,  does  not  involve  the  whole 
area;  it  shelves  on  one  side  and  does  not  reach  the  edge  of  the  disc. 

The  macula  is  very  difficult  to  see  indeed,  but  when  brought  into  view- 
there  is  generally  a  bright  glistening  reflex  due,  it  is  supposed,  to  the  shelving 
edges  of  the  foveal  depression.  Without  the  reflex,  it  is  seen  as  a  small  dark 
space  and,  under  favourable  conditions,  the  fovea  can  be  distinguished  as  a 
tiny  pinkish  central  sjDot;  with  a  blue-green  light  source  it  is  said  to  be  seen 
yellow.  The  approximate  position  of  the  macula  can  be  found  chiefly  by 
locating  that  portion  of  the  fundus,  a  little  to  the  temporal  side  of  the  disc, 
where  all  the  vessels  are  absent.  The  fovea  or  centre  of  the  macula  lies  about 
1*25  mm.  to  the  temporal  side  of  the  posterior  pole. 

The  sheaths  from  the  optic  nerve  fibres  cease  where  the  latter  issue 
from  the  lamina  cribrosa;  they  do,  however,  sometimes  pass  into  the  eye — 
opaque  nerve  fibres — causing  snowy  white  patches  at  the  edge  of  the  disc. 
They  lie  in  front  of  the  bloodvessels  and  have  brushlike  extremities. 

A  white  crescent-shaped  ring  on  the  side  of  the  disc  towards  the  macula 
is  sometimes  found,  and  this,  being  generally  very  much  pronounced  in 
myopia,  is  therefore  called  the  myopic  crescent;  it  is  a  highly  exaggerated 
scleral  and  choroidal  ring.  It  is  caused  by  the  separation  of  the  choroid 
from  the  margin  of  the  disc  due  to  a  stretching  of  the  coats,  and  in  high  M. 
may  completely  surround  the  disc. 

Difference  in  level  of  the  fundus  may  sometimes  cause  a  difference  in 
the  definition  with  which  the  various  parts  are  seen  in  the  direct  method. 
To  overcome  this  different  strength  lenses  must  be  turned  up  to  render  the 
indistinct  portions  clear. 

Opacities. — Anything  in  the  nature  of  an  opacity  of  the  cornea,  lens,  or 
vitreous  is  best  shown  up  by  using  the  large  ophthalmoscope  mirror  at  about 
20",  without  the  condenser.  A  bright  reflex  is  seen  upon  which  the  opacities 
appear  as  dark  spots,  striae,  etc.,  caused  by  the  obstruction  of  light  returning 
from  the  fundus. 

The  Mirror. — For  ophthalmoscopic  work,  especially  if  used  for  the  measure- 
ment of  refraction,  a  good  instrument  is  indispensable.  It  contains  two 
mirrors,  both  concave,  the  one  of  1"  to  li"  in  diameter,  and  of  about  10"  focal 
length  for  use  in  the  indirect  method  and  in  retinoscopy;  the  other  is  small, 
say,  1/2'-  to  3/4"  in  diameter  with  a  focal  length  of  about  3".   This  is  tilted  and 


348 


VISUAL  OPTICS  AND  SIGHT  TESTING 


capable  of  rotation  in  its  cell  so  that,  for  use  in  the  direct  examination,  it  may 
be  turned  to  receive  the  light  at  the  correct  angle  for  each  eye.  The  sight- 
hole  is  drilled  perpendicularly  to  the  plane  of  the  instrument  and  therefore 
oblique  to  the  mirror.  The  two  mirrors  are  generally  at  opposite  ends  of  an 
arm,  pivoted  around  a  central  point,  so  that  either  can  be  brought  into  position. 
A  battery  of  lenses  is  so  arranged  that  a  fair  range  of  powers  is  available 
by  combination  of  a  few  primary  lenses.  Usually,  in  the  best  ophthal- 
moscopes, the  concaves  range  from  -5  D.  up  to  20  D.,  and  the  convexes  from 
•5  D.  to  10  D.  The  various  powers  are  revolved  into  the  sight-hole  by 
means  of  a  milled  head,  or  other  device,  capable  of  being  put  into  action  Avith 
one  finger  without  taking  the  instrument  from  before  the  eye. 

The  Light, — It  is  better  to  have  a  frosted  covering  to  an  electric  source. 
In  the  absence  of  electric  light  the  bright  portion  of  an  Argand  or  of  a  fish-tail 
flame  can  be  used.  Dr.  A.  Vogt  recommends  a  light  which  is  free  from  red 
and  orange.  With  such  a  light  details  are  said  to  be  seen  with  greater  clear- 
ness. 

The  Indirect  Method. 

For  examining  the  fundus  this  is  more  suitable  for  the  optician  than 
the  direct  luethod,  and  much  more  easily  carried  out. 

The  mirror  should  be,  say,  10  inches  focal  length.  This  is  used  at  about 
20"  to  30"  from  the  observed  eye,  close  to  which  a  3"  (13  D.)  condenser  is  held 
by  the  left  hand,  the  second,  third  and  fourth  fingers  of  which  should  rest  on 


Pig.  116. 


the  subject's  forehead  for  support.  Light  is  now  reflected  from  the  mirror  to 
the  condenser,  and  enters  the  eye  to  illuminate  a  large  area  of  fundus; 
however,  it  is  often  better  to  alter  the  distance  of  mirror  so  that  a  greater 
condensation  of  light  may  be  thrown  on  the  retina.  In  Fig.  116,  M  is  the 
mirror  reflecting  a  convergent  beam  on  to  L,  the  lens,  and  thence  to  illuminate 
the  fundus  area  ab.  Light  returning  from  any  point  A  emerges  and  is  brought, 
by  the  condenser,  to  a  focus  B,  from  which  it  diverges  and  is  focused  at  B', 
on  the  observer's  retina.     Therefore  the  observer  sees  at  5  a  real  inverted 


OPHTHALMOSCOPY 


349 


image  of  the  fundus,  magnified  about  five  times.  Tiiis  apparently  moves  in 
an  opposite  direction  to  that  of  the  observer's  head. 

If  the  eye  be  Em.  the  image  will  be  formed  at  the  focal  distance  of  the 
condenser — in  this  case  3".  If  the  eye  be  H.  it  is  formed  beyond  the  focus, 
and  if  M.  within  the  focus,  but  the  change  in  position  of  the  image  is  com- 
paratively slight,  unless  there  be  very  high  H.  As  will  be  shown  later,  the 
magnification  of  the  image  depends  both  upon  the  refraction  of  the  eye  and 
distance  of  lens  from  the  latter. 

In  practice  the  right,  or  better  eye,  can  be  employed  to  examine  both 
those  of  the  client,  as  the  distance  at  which  the  observer  works  is  too  great 
to  necessitate  alternate  use,  as  in  the  direct  method.  In  viewing  the  fundus 
of  the  left  eye,  the  client  should  be  told  to  look  just  past  the  optician's 
left  ear;  this  should  bring  the  optic  disc  into  view  without  further  trouble, 
similarly  when  the  right  eye  is  examined,  the  client  should  look  past  the 
right  hand,  grasping  the  ophthalmoscope. 

The  Image. — Then,  in  the  indirect  method,  the  light  emerging  from  the 
observed  eye  is  brought  to  an  aerial  image  by  a  strong  condenser,  from  which 
image  it  diverges  to  the  observer,  The  latter,  therefore,  must  accommodate 
for  some  point  between  himself  and  the  lens,  and  should  his  amplitude  be 
insufficient  for  the  purpose,  he  must  turn  a  convex  lens  into  the  ophthal- 
moscopic aperture.  Let  us  first  imagine  both  eyes  to  be  emmetropic.  In 
Fig.  117,  let  ah  be  the  portion  of  illuminated  fundus  under  consideration, 


Fig.  117. 


N  the  nodal  point, i\  the  anterior  focus  and  L  the  condenser;  suppose  L  to  be 
a  certain  distance  in  advance  of  F^.  Then  light  diverging  from  a  will  issue 
parallel  from  the  eye  to  focus  at  a'  in  the  focal  plane  of  the  condenser;  h'a'  is 
therefore  the  inverted  image  of  ah,  and  a"h"  the  erect  retinal  image  of  the 
observer,  secured  by  accommodation  for  the  plane  of  h'a'.  The  observed 
fundus  ah  is  therefore  seen  inverted.  Owing  to  the  limitations  of  space,  Fig. 
117  is  necessarily  very  diagrammatic,  the  aerial  image  h'a'  and  the  observer's 
image  a"h"  being,  of  course,  in  practice  much  larger  than  the  fundus  area  ah. 
The  distance  FyL  is  also  considerably  greater  than  shown. 

The  Image  in  Em. — Since  the  light  from  the  observed  eye  emerges  parallel, 
the  ray,  such  as  La'  (Fig.  118),  that  can  pass  through  the  optical  centre  of  the 
condenser  L  must  always  make  the  same  angle  6'La'  with  the  axis;  further, 
the  aerial  image  h'a'  must  always  be  formed  at  the  focal  distance  L6',  no 
matter  what  the  distance  of  the  condenser  from  Fy  may  be. 
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Now  since  the  angles  aN&  and  a'Lh'  are  equal,  we  have  the  magnification- 

b'a'    W 


M= 


ah     6N 


But  Lh'  is  75  inm.,  the  power  of  the  condenser  being  generally  about 
13  D.,  and  6N  is  taken  as  15  mm.     Therefore — 

75 

Thus,  in  emnietropia,  the  optic  disc  is  seen  as  an  image  about  12  mm. 
in  diameter,  situated  at  the  distance  of  distinct  vision  of  the  observer;  it 
is  mentally  projected  to  the  plane  of  the  condenser  and  is  apparently  formed 


Fic.  lis. 

there,  just  as  the  reflex  in  retinoscopy  is  projected  to  the  pupillary  aperture. 
The  actual  size  of  the  observer's  retinal  image  also  depends  upon  the  angle 
which  the  image  subtends  at  his  nodal  point,  so  that  a  person  with  a  close  near 
point,  or  who  uses  a  convex  lens  in  the  ophthalmoscope,  secures  a  relatively 
greater  magnification  over  one  who  has  not  these  advantages. 

The  Image  in  Am. — In  ametropia  the  relative  magnification  is  altered 
for  any  given  position  of  the  condenser,  as  compared  with  Em. 

It  can  be  shown  that  the  aerial  image  formed  by  the  condenser  must 
be  the  same  size  in  all  refractive  conditions  provided  that  the  condenser  is  at  its 
own  focal  distance  from  the  anterior  focus  Fj  of  the  eye. 


FlQ.   ll'j. 

In  Fig.  Ill),  let  M,  E  and  H  represent  the  retinae  in  M.,  Em.  and  H. 
respectively ;  i^i  is  the  anterior  focus,  L  the  condenser  and  LF^  its  focal  length. 
Then  any  ray  parallel  to  the  axis  within  the  eye  must,  after  refraction,  pass 
through i^j  to  be  again  rendered  parallel  to  the  axis  by  the  lens.  Another  ray 
from  E  passing  through  the  nodal  point  N  will  meet  the  refracted  ray  in  E'  in 
the  principal  focal  plane  of  L,  so  that  E'  represents  the  plane  of  the  image. 


OPHTHALMOSCOPY 


351 


M'  and  H'  are  the  images  from  the  myopic  and  hypermetropic  eyes,  M'  being 
within  and  H'  beyond  the  principal  focus  of  L.  But  all  three  images,  being 
contained  between  the  axis  and  the  parallel  line  M'H',  must  be  of  equal  size. 
Were  it  possible,  however,  to  reproduce  practically  the  three  conditions  shown 
in  the  sketch,  the  hypermetropic  image  would  appear  slightly  larger,  and  the 
myopic  image  slightly  smaller,  on  account  of  the  difference  in  the  visual  angle 
subtended  by  them  at  the  observer's  nodal  point.  Figs.  119  to  121  are 
slightly  out  of  proportion  and  should  shov^ LF^^^LE' ,  and  both  great  compared 
with  NF^. 


Fig.  120. 


In  Fig.  120,  F  lies  outside  of  Fj^,  L  being  farther  from  the  observed  eye. 
In  these  circumstances  the  ray  passing  through  F-^  is  rendered  convergent  by 
the  lens  and  takes  up  a  direction  M'H'  inclined  towards  the  principal  axis. 
The  secondary  axes  passing  through  the  nodal  point  N  meet  M'H'  in  M',  E' 
and  H'  as  before,  but  it  can  be  seen  that  now  the  myopic  image  M'  has 
increased,  and  the  hypermetropic  image  H'  decreased,  in  size  by  advancement 
of  the  lens ;  in  addition  both  are  now  nearer  to  L  than  before.  The  emmetropic 
image  £",  however,  undergoes  no  change  either  as  to  its  size  or  position  with 
respect  to  the  lens  since  the  light  incident  on  the  condenser  is  parallel. 


Fig.  121. 

If  the  condenser  L  is  placed  nearer  the  observed  eye,  so  thati^j  falls  within 
F,  the  converse  condition  obtains,  H'  enlarging  and  M'  diminishing.  This  can 
be  seen,  without  explanation,  from  Fig.  121,  which  shows  the  ray  passing 
through  F-^  to  be  divergent  from  the  axis  after  refraction  by  the  condenser. 
As  before,  E'  undergoes  no  change. 

In  As.  the  size  of  the  image  differs  in  the  two  principal  meridians. 

Thus  we  obtain  the  rule  that  in  examination  by  the  indirect  method,  an 
increase  in  size  of  the  image  on  withdraival  of  the  condenser  denotes  M.  and  a 
decrease  H.  while  Em.  is  characterized  by  no  change  in  size. 

The  lower  the  degree  of  H.  or  M.,  the  more  nearly  does  the  light  from  the 
eye  approach  parallelism,  and  the  nearer  is  the  image  in  position  and  size 
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to  that  obtained  in  Em.  In  very  high  H.  the  light  is  so  divergent  that  the 
aerial  image  is  far  from  the  condenser,  and  correspondingly  near  the  observed 
eye,  and  a  stronger  lens  than  13  D.  is  advisable,  or  it  may  be  not  seen  at  all. 
If  the  condenser  were  jilaced  so  that  its  focal  point  coincides  with  the  P.  R.  of 
the  H.  eye,  the  light,  after  refraction,  would  be  parallel  and  no  real  imago 
formed.     This  could  occur  only  in  H.  of  about  13  D. 

In  high  M.  the  light  emergent  from  the  eye  is  very  convergent,  and  the 
condenser  has  little  effect  on  the  pos'tion  and  size  of  the  image;  indeed 
if  the  lens  be  at  the  P.  R.  it  has  r.o  effect,  the  image  being  in  the  plane  of 
the  condenser,  and  if  placed  beyond  the  P.  R.  no  real  image  on  the  side 
of  the  observer  is  obtained  at  all.  In  M.,  therefore,  a  weaker  lens  than 
+  13  D.  gives  better  results;  indeed,  when  the  error  is  medium  to  high, 
the  fundus  details  can  be  seen  without  any  lens.  In  this  case  the  observer 
simply  examines  the  natural  real  image  of  the  fundus  formed  by  direct 
convergence  from  the  eye,  but  the  field  of  view  is  very  small  unless  the  pupil 
be  widely  dilated. 

The  Field  in  the  indirect  method  is  dependent  to  but  a  small  degree  upon 
the  size  of  the  pupil.  Theoretically  its  extent  is  only  limited  by  the  size  of  the 
condenser,  but  in  practice  a  very  large  lens  is  difficult  to  manipulate  and  one  of 
21"  diameter  will  be  found  large  enough;  larger  sizes  suffer  too  much  from 
spherical  aberration. 


In  the  indirect  examination  it  will  be  found  that,  as  the  condenser  is 
withdrawn  from  the  observed  eye,  the  virtual  image  of  the  pupil,  seen  through 
it,  rapidly  increases  in  size  until  it  entirely  fills  the  lens  and  disappears;  a 
further  withdrawal  of  the  condenser  brings  into  view  the  real  image  of  the 
pupil  and  surrounding  iris.  In  Fig.  122,  the  condenser  L  is  in  a  position  such 
that,  to  the  observer,  the  virtual  image  of  the  pupil  AB  entirely  fills  the  lens. 
The  rays  AP  and  BQ  are  supposed  to  be  so  refracted  that  they  cross  at  N,  the 
nodal  point  of  the  observer,  forming  the  image  a'h',  within  which  is  contained 
the  image  of  practically  all  the  fundus  between  ab  of  the  o])sorvcd  eye.  Thus, 
for  the  saiuc  power,  the  greater  the  diameter  of  the  lens  the  greater  is  the 
field  of  view,  i.e.  the  condenser  itself  limits  the  field.  Theoretically  there- 
fore, the  field  is  quite  independent  of  the  size  of  pupil,  but  in  practice  it  is 
very  difficult  to  hold  the  lens  so  that  a  small  pupil  may  be  made  entirely  to 
disappear;  the  slightest  movement  of  the  condenser  or  of  the  observed  eye 
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immediately  brings  the  iris  into  view  again  on  one  side  or  the  other.  The 
installation  of  a  mydriatic  enormously  facilitates  the  examination,  but  a  care- 
ful observer  will  get  very  good  results  from  undilated  pupils. 

Success  with  the  indirect  method  depends  largely  upon  the  relative 
powers  of  the  lens  and  mirror  employed,  their  distance  from  the  eye  and 
position  of  source.  We  have  seen  that,  for  a  maximum  field,  the  lens  must 
be  so  situated  with  respect  to  the  pupil  that  the  image  of  the  latter  fills  the  lens. 
In  addition,  to  get  the  best  possible  illumination,  the  light  from  the  source, 
after  reliection  from  the  mirror  and  transmission  through  the  lens,  should  be 
convergent  towards  some  point  in  the  vitreous  a  little  in  front  of  the  retina  so 
that,  on  the  latter,  a  real  and  approximately  sharp  image  may  be  formed. 
To  satisfy  both  these  conditions  simultaneously  is  by  no  means  easy  in  practice, 
but  with  a  +13  D.  lens  and  a  10"  Cc.  mirror  a  distance  between  them  can  be 
found  that  will  give  the  best  results.  A  fertile  source  of  annoyance,  especially 
to  beginners,  lies  in  the  reflections  from  the  surfaces  of  the  condenser  and 
cornea,  but  these  can,  with  practice,  be  turned  aside  by  slightly  tilting  the 
condenser  and  mirror. 

Although  we  have  discussed  the  indirect  method  as  carried  out  with  the 
typical  10"  Cc.  mirror,  in  some  cases,  and  indeed  frequently,  as  good  as,  or 
even  better  results  may  be  obtained  with  a  plane,  or  with  the  Orthops  long 
focus  Cc.  mirror. 


Fig.  123. 

Estimation  of  the  Refraction. — Theoretically  this  is  possible,  but  practically, 
owing  to  the  uncertainty  of  the  results  and  the  dilEculties  in  observation,  it  is 
of  very  little  use  indeed.  This  method  is  based  on  the  fact,  previously  described , 
that,  unless  the  observed  eye  be  Em.,  a  withdrawal  of  the  condenser  produces 
a  change  in  the  size  of  the  image.  Thus  the  correction  is  that  strongest  Cx. 
or  weakest  Cc.  lens  that  permits  of  no  change  in  the  size  of  the  image  as  the 
condenser  is  withdrawn. 

The  Direct  Method. 

Direct  Method.— Here  the  small  tilted  concave  mirror  M  (Fig.  123)  is 
employed,  the  focal  length  of  which  is  about  3".  This  is  held  as  close  as 
possible  to  the  observed  eye  0,  and  light  from  a  near  source  »S'  is  reflected  into 
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it  such  that  the  pencil  converges  approximately  towards  the  nodal  point  A^, 
whence  it  diverges  and  illuminates  a  considerable  area  nh  of  the  fundus;  the 
latter  then  diffuses  the  light,  which  emerges  from  the  eye  as  in  retinoscopy, 
so  that  the  distinctness  of  the  image  seen  by  the  observer  0'  depends  both 
upon  his  own  refraction  and  that  of  the  client.  Since  both  may  be  Em.,  both 
Am.  or  one  Em.  and  the  other  Am.  it  follows  that  only  in  certain  circumstances 
will  the  observer  obtain  a  clear  view,  and  that  when  he  is  able  to  focus  on  his 
retina  the  light  diverging  from  the  observed  fundus. 

Assuming  the  observer's  eye  to  be  adapted  for  parallel  light,  we  see, 
therefore,  that  light  (Fig.  124)  diverging  from  any  point  A  on  the  fundus 
of  an  emmetropic  eye  will  emerge  parallel  and  focus  at  B  on  the  retina  of 
the  observer,  so  that  the  latter  receives  a  clear  image  of  A.  If  there  be  M. 
the  emergent  rays  will  be  convergent,  and  will  focus  in  the  vitreous  at  B 
(Fig.  125),  while  in  H.  they  will  be  uncrossed  when  they  meet  the  retina  of 
the  observer,  but  are  tending  towards  a  focus  B  (Fig.  126)  behind  it.  In  Am., 
therefore,  lenses  must  be  revolved  into  the  sight-hole — Cx.  in  H.  and  Cc.  in 
M. — in  order  that  the  emergent  light  may  be  rendered  parallel,  and  thereby 
adapted  to  the  observer.  The  nearer  the  two  eyes  the  larger  will  be  the 
field  of  view.     The  image  seen  is  erect,  virtual  and  magnified  about  16 


Fig.  124.  Fig.  125.  Fig.  126. 

diameters,  so  that  minute  details  can  be  seen  by  anyone  with  ordinary 
visual  acuity,  and  if  the  observer  moves  his  head  from  side  to  si'tie  the  image 
apparently  shifts  in  the  same  direction. 

Although  simply  to  obtain  a  view  of  the  fundus  it  is  not  necessary  for 
the  Ac.  to  be  fully  relaxed,  yet  if  the  ophthalmoscope  is  to  be  used  in  measur- 
ing the  refraction — as  described  later — it  is  absolutely  essential  that  the 
observer  should  have  his  Ac.  under  complete  control.  The  power  voluntarily 
to  relax  the  Ac.  is  a  difficult  one,  and  is  only  acquired  after  a  good  deal 
of  practice;  with  objects  at  considerable  distances  it  is  easier,  but  the  mental 
consciousness  of  a  very  near  object  is  the  chief  source  of  trouble.  Thus 
theoretically,  when  an  emmetrope  views  a  small  object  through  a  -|-20  D.  lens, 
he  would  place  it  at  its  focal  distance  from  the  object,  so  that  the  light  may 
emerge  parallel;  in  the  majority  of  cases,  however,  the  object  will  be  un- 
consciously placed  within  the  focus  so  that  the  refracted  light  is  more  or  less 
divergent,  and  this  is  caused  by  the  mental  appreciation  of  the  nearness  of 
the  object,  which  induces  a  certain  amount  of  involuntary  accommodative 
action.  This  is,  in  fact,  what  happens  in  the  direct  method  of  ophthal- 
moscopy. The  untrained  observer  is  conscious  of  the  proximity  of  the 
observed  eye,  and,  therefore,  generally  accommodates  strongly  at  first.  The 
only  advice  that  can  be  given  is  that,  when  employing  the  ophthalmoscope 
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in  the  direct  method,  the  observer  should  conceive  the  fundus  to  be  situated 
at  a  great  distance.  A  good  plan,  however,  is  to  keep  both  eyes  open,  the 
eye  not  behind  the  mirror  being  directed  towards  the  wall  behind  the  client's 
head;  at  first  only  the  wall  will  be  seen,  but  after  a  while  the  fundus  image, 
seen  by  the  other  eye,  will  be  appreciated,  especially  if  the  illumination  be  so 
good  as  to  give  a  brighter  image  than  that  of  the  wall. 

The  lamp  should  be  on  a  level  with  the  subjecfs  ear  and  may  consist  of 
the  ordinary  retinoscopic  aperture,  but,  for  preference,  the  naked  light  should 
be  used,  as  the  extent  of  fundus  illumination  is  thereby  increased.  The 
client  should  look  into  the  distance  of  the  dark  room  in  a  direction  about 
3  inches  to  the  left  of  the  observer's  right  ear  (if  the  right  eye  is  being  examined) 
so  that  his  Ac.  be  relaxed  as  much  as  possible.  Of  course,  if  a  mydriatic  be 
used  to  dilate  the  pupil,  and  paralyze  the  Ac,  the  ease  with  which  the 
examination  can  be  made  is  vastly  increased.  In  examining  the  ri^^ht 
ey  e  the  observer  must  use  his  right,  and  for  the  left  eye  his  left. 

The  Image  in  Em. — For  simplicity  we  will  assume  the  two  eyes  to  be 
emmetropic,  and  at  a  distance  apart  equal  to  the  sum  of  their  anterior  foci, 
so  that  the  focal  points  themselves  coincide  ini^^  (Fig.  127).     Let  Olbe'any 


Fig.  127. 

portion  of  the  illuminated  fundus — say,  the  optic  disc.  Then  any  ray  from 
E  parallel  to  the  axis  will,  after  refraction,  pass  through  F-j^,  and  this  point 
being  the  anterior  focus  of  the  observer's  eye,  the  ray  will  be  refracted  parallel 
to  the  axis,  and  will  reach  the  retina  in  E'  such  that  I  is  the  image  of  the 
original  object  0.  The  static  refractions  of  both  eyes  being  equal,  the  image 
/  received  by  the  observer  will  be  identical  in  size  with  that  of  the  object  0 
and,  since  the  issuing  rays  from  0  are  parallel,  the  distance  between  the  two 
eyes  is  immaterial.  The  size  of  /  does  not  alter,  in  this  case,  as  the  observer 
approaches  or  withdraws ;  the  only  result  is  a  greater  or  lesser  field  of  view. 

Now  the  observer's  retinal  image  /  is  projected  to  his  distance  of  most 
distinct  vision  /',  and  if  this  distance  be  taken  as  the  usual  average  of  250  mm., 
we  obtain  the  apparent  magnification  from  the  ratio  between  /'  and  /,  that  is — 

I'     Wa'     250 
M=  T  =  xt7   =  ,  f,  =16  approx. 
I      N  a  _  15 

If  the  projection  of  the  image  is  to  a  distance  greater  or  less  than  N'a', 
the  magnification  is  greater  or  less  than  16  diameters.  It  will  be  seen  that 
O,  the  object,  i.e.  the  portion  of  the  observed  fundus,  Z,  the  retinal  image  of 
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observer,  and  /',  the  final  projected  image,  are  all  formed  under  the  same 
angle. 

The  Image  in  Am. — If  there  is  Am.,  the  fundus  can  only  be  clearly  seen  with 
the  necessary  correcting  lens  placed  between  the  eyes,  in  the  aperture  of  the 
ophthalmoscope.  If  this  be  done,  and  the  lens  situated  exactly  atF^  of  the 
observed  eye,  the  image  seen  is  the  same  size  as  in  Em.  but,  if  the  lens  is 
placed  beyond  Z^j^,  then  the  magnificatiou  is  slightly  greater  in  M.,  and  less 
in  H.,  than  in  Em.  This  will  be  seen  from  the  next  diagram.  Fig.  128 
represents  the  observed  eye,  of  which  ab  is  the  portion  of  the  fundus  forming 
the  object.     Parallel  rays  from  a  and  b  meet  ini^^  the  first  focal  plane,  such 


Fig.  128. 

that  AFj^  B  is  the  angle  under  which  the  image  is  seen  by  the  observer.  If 
the  eye  be  H.  or  M.,  rays  from  a  and  b  parallel  to  the  axis  still  cross  ati^^, 
but  the  image  will  be  blurred  owing  to  the  general  divergence  or  convergence 
of  the  light.  If,  however,  the  correcting  lens  L  in  the  ophthalmoscope  be 
situated  at  F^,  the  angle  subtended  by  the  image  will  be  the  same  as  in  Em. 
and  therefore  the  magnification  is  unchanged;  the  image  is  simply  rendered 
sharp  by  the  correcting  lens.  Generally,  however,  the  lens  is  situated  beyond 
i^i  of  the  observed  eye,  and  in  that  case  the  angle  AF^B,  subtended  by  the 
image,  is  altered  in  size.  In  M.  the  correcting  concave  diverges  the  containing 
rays  A  and  B  to  MM'  and  thus  enlarges  the  angle,  and  consequently  the 
retinal  image  of  the  observer.  On  the  other  hand,  A  and  B  are  rendered  less 
divergent  by  the  correcting  convex  in  H.,  so  that  the  image  is  seen  smaller 
than  in  Em.  The  greater  the  distance  of  the  lens  beyond  F■^^  of  the  observed 
eye,  the  greater  will  be  the  magnification  in  M.  and  the  less  will  it  be  in  H. 
Were  it  possible  to  place  the  correction  within  ^j,  we  should  obtain  a  relative 
magnification  in  H.,  and  a  corresponding  diminution  in  M.,  because  a  convex 
would  then  increase,  and  a  concave  reduce,  the  angle  AF^B.  A  special 
discussion  on  this  point  will  be  found  in  the  next  article.  When  there  is  As. 
the  image  is  larger  in  the  meridian  of  greatest  M.  or  that  of  least  H. 

The  Image  in  High  Am. — Under  certain  conditions  ihe  image  in  the  direct 
method  is  difficult  or  impossible  to  see;  this,  apart  from  smallness  of  the  pupil, 
is  generally  caused  by  the  magnification  being  too  high  in  M.,  or  is  due  to  the 
impossibility  of  neutralizing  the  great  convergence  of  the  emergent  light  in 
high  M.     Similar  difficulties  do  not  occur  in  H.,  firstly  because  high  errors 
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are  rare,  and  secondly  because  the  divergent  light  is  easily  overcome  by  a 
convex  lens,  vv^hich  also  causes  a  reduction  in  the  magnification.  Thus  suppose 
a  case  of  10  D.  of  myopia,  the  far  point  being  4''  from  the  eye.  The  lens 
necessary  to  correct  the  Am.  at  the  usual  distance  of  15  mm.  would  be  about 
— 12  D.,  but  as  the  ophthalmoscope  is  rarely  held  so  close  to  the  observed  eye, 
a  still  more  powerful  lens  would  be  necessary  to  neutralize  the  convergence 
of  the  emergent  light;  thus  supposing  the  ophthalmoscope  to  be  used  at 
2",  we  should  have  to  turn  up  —20  D.  in  order  to  get  a  clear  view  of  the 
fundus.  But  although  the  details  are  visible,  the  field  of  view  is  small  on 
account  of  the  high  magnification. 

Lot  7^1  (Fig.  129)  be  the  anterior  focus,  R  the  distance  of  the  P.  R.,  and 
d  that  of  the  lens  from  the  cornea  or,  more  exactly,  from  the  refracting 
plane.  Then  the  correcting  lens,  or  that  lens  rendering  parallel  the  light 
from  a  portion  of  the  observed  fundus  0,  will  have  a  focal  distance  of  R-d. 
Thus  the  greater  is  d,  the  more  powerful  must  be  the  concave  lens,  in  order 
that  the  convergent  light  from  the  myopic  eye  be  rendered  parallel. 

Now  the  angle  under  which  the  image  would  be  seen  in  emmetropia,  or 
in  any  state  of  refraction  provided  the  correcting  lens  were  placed  ati^^,  is  0. 
When,  however,  a  more  powerful  concave  is  substituted  beyond i^i  in  myopia, 
the  angle  under  which  the  image  is  seen  is  increased  to  0'  and  therefore  we  may 


Fig.  129. 


rejaresent  the  increase  in  magnification  by  the  ratio  6'/6.  But  since 
these  angles  are  small  in  jjractice  we  can  substitute  for  O'/0,  the  ratio  F,  I^/QL. 
But  QL  is  the  conjugate  focal  distance  of  LF,^  by  refraction  through  the  lens, 
i.e. 

1/QL=1/F+1/LF„ 

where  F  is  the  focal  length  of  the  correcting  lens.     From  this  we  find 

LFi/QL-(F+LFi)/F. 

Then  since  LFi=c?  — F^,  and  F=E,—  (?,  we  have — 


e 


R-Fj      F+(Z-Fi 
^R-i"^"        F 
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This  expression  represents  the  additional,  magnification  obtained  over  and 
above  the  IG  diameters  given  in  ordinary  circnmstances. 

Thus,  in  the  previous  example,  let  us  imagine  the  oj)hthalmoscope  to  be 
held  2"  from  a  myopic  eye  whose  far  point  is  4".  Taking  Fj^  as  15  mm.  we 
have — 

0'    100-15     85_ 
0  ""l00^50""50""''""'^ 

i.e.  the  total  magnification  obtained  would  be  16xl-7=:27  approx.,  and 
the  field  of  view  would  be  correspondingly  reduced,  so  that  only  a  very 
small  portion  of  the  fundus  would  be  observable  without  moving  the  head. 

Again  suppose  a  case  of  20  D.  M.  where  the  P.  R.  is  2".  With  the  ophthal- 
juoscope  held  at  2",  the  magnification  would  be  infinitely  great  and  the  field 
infinitely  small — in  other  words,  nothing  whatever  would  be  seen.  If  the 
ophthalmoscope  be  held  1|"  from  the  eye,  we  should  require  F=50  -  37-5-— 
12-5  mm.  or  -  80  D.  to  give  us  a  clear  image  under  a  magnification  calculated 
from  the  above  expression,  of,  approx.,  50.  In  practice,  of  course,  no  such 
lens  is  found  in  the  ophthalmoscope  and,  therefore,  the  instrument  must  be 
approached  still  closer  to  the  observed  eye  until  the  power  of  lens  required 
falls  within  the  range  of  those  sujDplied. 

It  will  be  noticed  that  the  conditions  discussed  above  are  identical  with 
the  principle  of  the  ordinary  opera  glass,  the  observed  dioptric  system  corre- 
sponding to  the  objective  and  the  ophthalmoscope  lens  to  the  eye-piece. 
Similarly  high  H.  gives  a  small  direct  image,  since  we  get  reduction  in  the 
same  way  as  looking  through  the  wrong  end  of  an  opera  glass  ;  here  the 
dioptric  system  acts  as  the  eye-piece  and  the  convex  ophthalmoscope  lens 
as  the  objective. 

In  practice  the  difficulty  experienced  in  high  ametropia  is  eliminated  by 
putting  the  approximate  correction  up  in  a  trial  frame  as  close  to  the  eyes  as 
possible,  and  then  proceeding  as  for  Em.  and  low  errors  of  refraction.  We 
then  have  normal  magnification  and  normal  field  of  view  but  the  illumination, 
in  the  case  of  M.,  will  be  poor. 

The  Field. — The  extent  of  the  fundus  seen  is  directly  proportional  to  the 
size  of  the  pupil  of  the  observed  eye,  and  inversely  proportional  to  its  axial 
length.  This  can  be  seen  from  Pig.  130,  in  which  ah  is  the  pupil  of  the  observed 
eye,  and  iV  the  nodal  point  of  the  observer.  Then  the  geometrical  image 
h'a' — received  on  the  observer's  retina — of  the  observed  pupil  is  found  by 
drawing  straight  lines  from  the  edges  of  the  observed  pupil  through  N,  and 
the  area  of  fundus  seen  must  lie  between  those  rays  Aa,  Bb  which,  after 
refraction,  will  just  pass  through  N  as  aa'  and  hi/.  These  areas  are  AB  in 
Em.,  A'B'  in  H.  and  A"B"  in  M.,  showing  that  the  extent  of  fundus  seen  is 
largest  in  H.  and  smallest  in  M. 

But  although  we  say  that  h'a'  is  the  image  of  the  observed  pupil  con- 
taining the  area  seen,  yet  it  must  be  noted  that  rays  capable  of  entering  the 
observed  eye  are  not  limited  strictly  to  Aa  or  Bh.     Some  other  ray  R,  lying 
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slightly  outside  Bb,  can  also  enter  the  observed  eye  and  impinge  on  the 
retina  at,  say,  h".  The  zone  b'b"  is  that  in  which  the  image  diminishes  in 
intensity — in  other  words,  it  is  part  of  the  fuzzy  image  of  the  pupil  ab,  through 
which  the  area  B"  R  is  seen.  Therefore  the  fundus  seen  is  not  bounded  by 
a  hard-and-fast  circle,  but  by  a  diffused  border  allowing  slightly  more  of  the 
fundus  AB  to  be  seen  than  is  geometrically  indicated.  Indeed  we  may  say, 
therefore,  that  the  extent  of  image  is  also,  to  a  slight  degree,  dependent  on 
the  size  of  the  observer's  pupil,  since  this  latter  governs  the  width  of  the  zone 
b'b".  From  what  has  been  said  the  value  of  a  mydriatic  in  dilating  the 
observed  pupil  will  be  appreciated. 

The  extent  of  image  is  also  governed  by  the  position  of  observer,  it 
being  inversely  proportional  to  the  distance  between  the  two  eyes.  The 
nearer  the  observer,  therefore,  the  greater  will  be  the  extent  of  fundus  visible 
and  vice  r.ersa.  This  will  be  seen  from  Fig.  130,  because  if  N  be  nearer,  the  rays 
from  a  and  b,  passing  through  N,  must  proceed  from  points  wider  apart, 
indicating  a  simultaneous  increase  in  the  size  of  the  pupillary  image  b'a', 


Fig.  130. 

and  the  extent  of  field  contained  therein — i.e.  pencils  diverging  from  extreme 
points  of  the  fundus  can  enter  an  eye  sufficiently  near,  but  would  escape 
entering  one  at  a  greater  distance. 

Estimation  of  the  Refraction. — The  accommodation  of  both  client  and 
observer  is  presumed  to  be  completely  relaxed  and,  in  addition,  the  observer 
is  presumed  to  be  emmetropic,  or  rendered  so  by  ii  eans  of  the  necessary 
lenses.  The  correcting  lens,  therefore,  is  simply  the  strongest  convex  or 
weakest  concave  through  which  the  details  of  the  fundus  are  clearly  visible. 
In  order  that  the  cffectivity  of  the  ophthalmoscope  lenses  may  not  differ  from 
those  subsequently  worn,  the  mirror  should  be  placed  as  near  the  observed 
eye  as  possible,  so  that  the  lens  battery  revolves  practically  in  the  anterior 
focal  plane.  If  the  ophthalmoscope  be  held  too  far  out,  the  measuring  lenses 
will  be  too  strong  if  concave,  and  too  weak  if  convex. 

Should  the  observer  be  ametropic,  but  not  astigmatic,  the  lens  giving  the 
clearest  view  of  the  fundus  under  the  above  conditions  will  simultaneously 
correct  client  and  observer  and,  therefore,  the  refractive  error  of  the  latter 
must  be  known  in  order  to  find  that  of  the  subject.  Thus  suppose  the 
observer  to  be  M.  2  D.  and  he  fi)ids  that  the  correcting  lens  is  apparently 
+  4  T).;  there  must,  therefore,  be  6  D.  of  H.  in  order  that  the  light  may 
have  a  filial  divergence  of  2  D.  On  the  other  hand,  if  the  observer  were 
H.  2D.,  the  correcting  lens  would  then  be  -f  2  D.,  since  part  has  gone  to 
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correct  each  eye.  If  the  two  eyes  have  equal,  hut  opposite,  refraction,  a  clear 
image  of  the  fundus  is  obtainable  without  any  lens;  thus  a  myope  of  3  D. 
will  see  the  fundus  of  a  hypermetrope  of  3  D.,  the  rays  from  the  latter  having 
the  necessary  3  D.  of  divergence.  The  rule  is,  that  the  excess  or  deficiency 
of  the  refractive  power  of  the  observer's  eye  is  added  to  the  strongest  +  or 
weakest  —  with  which  the  fundus  is  seen. 

In  theory  As.  can  be  corrected  by  observing  the  relative  distinctness 
of  the  retinal  vessels,  radiating  from  the  disc  and  spreading  in  all  directions 
over  the  fundus,  acting,  so  to  speak,  as  a  sort  of  astigmatic  fan.  In  practice, 
liowever,  this  is  exceedingly  difficult  and  uncertain,  and  should  rarely  be 
attempted,  as  the  result  can  be  obtained  with  such  comparative  ease  and 
accuracy  by  temporarily  using  the  ophthalmoscope  as  a  retinoscope.  If, 
however,  it  is  desired  to  try  the  experiment,  that  strongest  +  or  weakest  - 
spherical,  rendering  clear  the  vessels  running  in  a  certain  direction,  will 
be  the  correction  for  the  02)pof;ite  meridiav  of  the  eye,  while  that  rendering 
the  vessels,  at  right  angles  to  the  first  set,  equally  clear  is  the  correction 
of  the  other  meridian.  For  example,  it  is  found  that  with  -\-?>  D.  the  vertical 
vessels  are  seen  clearly  but  the  horizontal  blurred;  suppose  the  horizontal 
to  be  cleared  up  with  -f5  D.  Then  the  correction  needed  is  +3-0  S.  o  +2-0 
C.  Ax.  180°- — in  other  M^ords  the  axis  of  the  cyl.  is  parallel  to  the  most  blurred 
set  of  vessels. 

As  a  summary  in  the  direct  method^ — 

If  the  fundus  is  seen  clearly  and  a  convex  blurs,  the  eye  is  Em. 

If  the  fundus  is  seen  clearlvand  also  clearlv  with  a  convex  lens,  the  eye 
is  H. 

If  the  fundus  is  seen  indistinctlv  and  rendered  clear  by  a  Cx.  lens,  there 
isH. 

If  the  fundus  is  seen  indistinctly  and  rendered  clear  by  a  Cc.  lens,  M.  is 
indicated. 

If,  with  or  without  a  lens,  some  vessels  are  seen  clearly  and  not  others, 
there  is  j^s. 

The  measure  of  the  refractive  error  beiug  the  strongest  +  or  weakest - 
with  which  fundus  details  are  seen. 


CHAPTER  XXI 

THE  RETINAL  IMAGE 

In  most  o^^tical  instruments  the  surrounding  medium  is  air,  the  anterior  and 
posterior  equivalent  foci  E^F  and  E^F  are  equal,  and  the  nodal  points  lie  in 
the  equivalent  planes;  the  size  of  image  produced  by  the  lens  system  is 
governed  then  by  the  distance  of  the  conjugate  foci  from  the  adjacent  equiva- 
lent points  as  shown  in  Fig.  131,  where  AB  is  the  object  and  B'A'  its  image. 
When  AB  is  at  oo  the  distance  E.^B'  is  the  posterior  principal  focal  distance. 
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Fig.  131. 

The  eye  differs  from  the  great  majority  of  optical  instruments  in  that 
the  anterior  and  posterior  foci  are  not  formed  in  media  of  the  same  optical 
density,  the  anterior  being  in  air  whose  refractive  index  is  1,  and  the  posterior 
in  the  vitreous,  the  refractive  index  of  which  is  1-333. 

In  this  case,  the  nodal  points  are  displaced  from  the  equivalent  planes 
and  the  size  of  the  image  depends  on  its  distance  from  the  adjacent  nodal 
l^oint,  since  the  undeviated  secondary  axes  controlling  the  size  of  the  image 
cross  there. 
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Fig.  132. 


Fig.  132  shows  the  relative  jiosition  of  the  cardinal  points.  E^E.^  are  the 
f)rincipal  points,  P1P2  the  principal  planes,  N-^  and  N^  the  nodal  points, 
while  F^  and  F2  are  the  anterior  and  posterior  principal  foci  respectively.  If 
the  anterior  focal  length  E^F^  be  taken  as  15  mm.  and  the  posterior  EoF^  as 
20  mm.  the  refracting  power  is  66  D.  for  light  emerging  from  the  eye  and 
50  D.  for  light  entering. 
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The  difference  of  the  foci  is  due  to  the  difierence  in  the  density  of  the 
first  and  last  media,  the  ratio  of  the  refractive  indices  1  :  1-333  being  the 
same  as  that  of  the  foci  15  :  20.  This  being  the  case  the  nodal  points  are 
shifted  towards  the  denser  medium,  the  vitreous,  by  an  amount  equal  to  the 
difference  between  i'^g  and  F-^  or  20  - 15=5  mm.  The  posterior  nodal  point 
is  thus  15  mm.  from  the  retina,  and  therefore  the  image  produced  is  the 
same  as  would  be  formed  by  a  lens  of  66  D.  in  air.  In  other  words,  the  size 
of  the  retinal  image  is  controlled  by  the  anterior  focal  length  F^  as  the  distance 
fromFi  to  E^  is  the  same  as  that  from  N^  toF^^.  On  the  other  hand,  the  image 
produced  by  refraction  from  the  vitreous  into  air  would  be  identical  with 
that  formed  by  a  lens  of  50  D.  situated  in  air. 

The  Image  in  Am. — It  is  usual  to  consider  H.  and  M.  as  due  to  a  deficient 
length  of  optic  axis  in  the  former  and  to  an  excessive  length  in  the  latter,  the 
posterior  focusing  falling  respectively  behind  or  before  the  retina  when  accom- 
modation is  at  rest.  But  the  error  may  arise  from  an  excess,  or  lack,  of  refrac- 
tive power  due  to  variations  in  the  radius  of  the  cornea  and  lens,  density  of  the 
media,  etc.,  and  it  is  necessary  to  clearly  keep  these  two  main  causes  in  view 
when  dealing  with  problems  connected  with  the  size  of  the  retinal  image. 

For  instance,  imagine  three  eyes  which  are  respectively  Em.,  M.  and  H., 
the  Am.  in  the  latter  two  being  due  solely  to  differences  in  axial  length. 
Then,  with  accommodation  at  rest,  each  will  form  images  equal  in  size  in 
virtue  of  the  equality  in  their  dioptric  powers,  but  the  images  of  a  distant 
object  will  not  be  clearly  defined  in  the  H,  and  M.  eyes,  since  they  do  not 
fall  on  the  retina. 

The  hypermetrope,  however,  with  the  aid  of  his  Ac,  increases  his  refrac- 
tion sufficiently  to  bring  the  image  forward  on  to  the  retina,  but  at  the 
same  time  he  shortens  his  anterior  focus  and  therefore  obtains  a  smaller  image 
than  the  emmetrope.  The  myope  is  unable  to  obtain  a  sharp  retinal  image  of 
a  distant  object. 

Now  let  the  three  eyes  view  some  object  at  such  a  distance  that  all  three 
can  obtain  a  clear  image,  i.e.  let  the  object  be  at  the  far  point  of  the  myope. 
Then  the  latter,  which  exerts  no  Ac,  has  the  largest  retinal  image,  the  emme- 
trope coming  next,  and  the  hypermetrope  has  the  smallest.  If,  however,  the 
hypermetrope  and  emmetrope  both  relax  their  Ac,  and  we  imagine  the 
retina  removed,  then  the  size  of  the  image  is  the  same  as  that  of  the  myope. 

If  the  Am.  is  refractive,  the  axial  length  of  globe  being  the  same  in  each 
case,  the  conditions  just  described  are  reversed.  Here,  when  Ac.  is  relaxed 
in  the  three  cases,  the  image  formed  in  the  vitreous  of  the  myopic  eye  is  the 
smallest  of  the  three,  the  emmetrope  being  next  and  the  hypermetrope  having 
the  largest,  if  in  the  last  condition  the  retina  were  removed  to  allow  of  its 
formation.  When  an  object,  whose  distance  equals  the  P.  E.  of  the  myopic 
eye,  is  viewed,  the  hypermetrope  and  the  emmetrope,  by  means  of  accommo- 
dation, shorten  the  focal  length  of  the  eye  sufficiently  to  enable  the  image  to 
be  formed  on  the  retina,  and  all  three  images  are  equal  in  size.  The  latter 
occurs  provided  the  extra  power  obtained  by  means  of  the  Ac.  does  not 
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merely  shorten  the  focus  of  the  eye  but  also  places  the  nodal  points  in  the 
same  position  as  those  of  the  myopic  eye. 

The  Influence  of  a  Lens  atF^. — Let  the  effect  of  lenses  placed  in  front  of  the 
eye,  on  the  size  and  position  of  the  retinal  image,  be  now  considered.  In 
Fig.  133  let  P  be  the  united  principal  plane  of  the  eye,  N  the  united  nodal 


point  andjFj  and  F^  the  anterior  and  posterior  principal  foci.  The  image  of  an 
object  AB  is  easily  constructed  by  tracing  the  course  of  three  known  rays  AO, 
AN  and  A 31.  AN  is  a  secondary  axial  ray  passing  undeviated  through  N, 
AM  jiasses  through  jP'j  and  is  refracted  parallel  to  the  principal  axis  BE'  while 
AO,  parallel  to'BB',  is  refracted  to  pass  through  Fg.  The  point  of  intersection 
.4'  is  the  image  of  A  and.B'.4'  is  the  inverted  image  of  AB.     Now  if  a  thin  lens 
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Fig.  134. 

L  of  any  power  or  sign  be  placed  so  that  its  optical  centre  coincides  withFj, 
as  in  Fig.  134,  the  image  will  not  be  altered  in  size,  since  the  direction  of  the 
ray  AM  is  unchanged  by  the  lens,  it  passing  along  a  secondary  axis  of  the  lens 
itself.  The  image  B'A'  is  merely  brought  forward  if  the  lens  is  convex,  or 
carried  backwards  if  the  lens  is  concave,  AO  being  converged  towards  x  or 
diverged  towards  y  respectively  by  the  lens. 


Fig.  135. 


In  Fig.  135  AB  is  the  object  and  ha  the  image  in  an  eye  without  a  lens. 
Fig.  136  is  the  same  having  a  Cx.  lens  in  the  anterior  focal  plane,  the  image 
bn  being  drawn  forward  but  unaltered  in  size.  In  Fig.  137  the  effect  of  the 
Cc  is  to  throw  ba,  still  the  same  size,  farther  back  from  the  cornea. 

We  therefore  obtain  the  important  rule  that  a  lens  placed  in  the  anterior 
focal  plane  of  the  eye  has  no  effect  on  the  size  of  the  image  formed,  the  latter  being 
merely  moved  forwards  or  backwards  as  the  case  may  be.     The  image  is  then  the 
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same  size  as  in  Em.  If,  therefore,  in  a  case  of  axial  anisometropia,  ive  could 
])lace  tlie  correcting  lenses  exactly  at  the  anterior  focus  of  each  eye,  the 
retinal  images,  ignoring  the  effects  of  aberration  and  distortion  produced  if 
the  lenses  were  strong,  would  be  identical  in  size.     Under  these  conditions 


Fig.  136. 

the  effect  of  a  convex  lens  is  merely  to  reduce,  and  that  of  a  concave  to 
increase  the  divergence  of  the  light,  from  each  point  of  the  object,  incident 
on  the  dioptric  system  of  the  eye. 

It  is  not  possible  to  make  a  comparison  of  the  sizes  of  the  images  formed 
in  many  cases  because  they  may  not  be  sharply  formed  at  the  retina.  In  the 
following  epitomized  comparisons  a  distinction  must  be  drawn  between  /, 
the  ocular  image  actually  formed  by  the  dioptric  system  in  the  vitreous  or 


Fig.  137. 

presumed  to  be  formed  behind  the  retina,  and  the  image  formed  at  the 
retina.  If  the  retina  is  not  coincident  with  /,  the  blurred  retinal  image, 
owins  to  the  confusion  circles,  is  larger  than  / : 

In  axial  H.  anJ  axial  M.,  I  is  the  same  as  in  Em. 

In  refractive  H.,  /  is  larger  than  in  Em. 

In  refractive  M.,  /  is  smaller  than  in  Em. 

In  refractive  H.,  /  is  lai'ger  than  in  axial  H.  wlien  both  are  accommodated 
for  clear  vision. 

In  refractive  M.,  /  is  smaller  than  in  axial  M.  when  both  see  clearly  the 
same  near  object. 

In  axial  H.  (accoiniuodated),  I  is  smaller  tlian  in  Em. 

In  refractive  H.  (accommodated),  /  is  jjractically  the  same  as  in  Em. 

In  axial  M.,  /  of  a  near  object  clearly  seen  is  larger  than  in  Em. 

In  refractive  M.,  /  of  a  near  object  clearly  seen  is  the  same  as  in  Em. 

In  axial  H.  and  axial  M.  corrected  by  a  lens  atF-^^,  I  is  the  same  as  in  Em. 

In  refractive  H.,  similarly  corrected,  /  is  larger  than  in  Em. 

Ill  refractive  M.,  similarly  corrected,  I  is  smaller  than  in  Em. 

In  Em.,  for  near  vision,  /  is  larger  with  a  Cx.  lens  than  when  accom- 
modated. 

In  H.,  7  is  laiger  with  a  Cx.  lens  than  when  accommodated. 

Ju  ^J .,  /  is  smaller  with  a  Cc.  lens  and  accommodated  than  without  the  lens. 
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Correcting  Lens  within  or  beyond  F^. — Ametropia  cau,  of  course,  be 
corrected  by  a  lens  not  coincident  with  F^  but,  for  the  same  error  of  refrac- 
tion, a  convex  lens  must  be  weaker  and  a  concave  stronger  the  farther  it  is 
withdrawn.  Thus  if  H.  be  corrected  by  a  lens  beyond  F^,  that  lens  must  be 
weaker  than  the  one  required  at  Fy^  itself,  but  a  convex  within  the  anterior 
focus  must  bfe  stronger  than  that  required  at  F^.  Similarly  the  correcting 
concave  in  M.  beyond,  or  within,  the  anterior  focus  must  be  stronger  or 
weaker  respectively  than  the  lens  required  at  F^,  to  bring  the  image  to  the 
retina. 

Thus  in  Fig.  138  L,  L^,  L.j,  are  three  convex  lenses  situated  at,  beyond  or 
within jPj  respectively,  and  it  is  presumed  that  all  three  correct  the  Am.,  L^ 
being  weaker  and  L^  stronger  than  L.  Therefore  the  three  images  ba,  ba^ 
and  bdo  are  formed  at  the  same  distance  behind  the  principal  plane  but  are  of 
different  sizes,  that  due  to  Xg  being  the  smallest  and  that  to  X^  the  largest.  If 
the  Am.  is  corrected  by  L  at  F^^  and  the  eye  is  moved  backwards  the  image 
moves  forward  and  enlarges;  if  the  eye  is  advanced  the  image  moves  back- 
wards and  diminishes.     Fig.  138  is  necessarily  exaggerated  in  order  to  render 


the  action  of  the  lenses  clear.  The  ray  AF^  passing  directly  through  F^ 
causes  the  image  to  be  formed  at «.  A  ray  AAj^  refracted  at  X^  jjasses  through 
i^i  and  causes  the  image  to  be  formed  at  a^  and  therefore  larger.  A  ray  AA.y 
refracted  at  L^  proceeds  as  if  from  F^  and  causes  the  image  to  be  formed  at 
a,  and  therefore  smaller. 

Fig.  139,  also  exaggerated,  illustrates  the  corresponding  action  of  three 
correcting  concaves  whose  positions  vary  with  respect  toi^^.  The  lens  L^  is 
presumed  to  be  stronger,  and  Lo  weaker  than  L  and  therefore,  as  placed,  all 
correct  the  Am.,  the  ocular  image  in  each  case  being  equally  distant  from  the 
refracting  plane,  but  of  varying  size,  Sa^  due  to  X^  being  the  Smallest  and 
ba.^,  due  to  L.^  being  the  largest.  If  L  atF^  corrects  the  Am.  and  the  eye  is 
moved  backwards,  the  image  moves  forward  and  diminishes;  if  the  eye  is 
advanced  the  image  moves  backwards  and  enlarges.  The  ray  AF^,  passing 
directly  throughi^^,  causes  the  image  to  be  formed  at  a.  A  ray  ^^^  refracted 
at  ij  passes  through  i''^  and  causes  the  image  to  be  formed  at  a^  and  there- 
fore smaller.  A  ray  AA^^  refracted  at  L.y  proceeds  as  if  from  F^^  and  causes 
the  image  to  be  formed  at  a.y  and  therefore  larger. 
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We  may  therefore  summarize  the  rules  that  if  the  image  is  formed  at  the 
same  distance  by — 

(a)  A  Cx.  lens  placed  in  front  of  jP^  the  image  is  larger. 

(b)  A  Cx.  lens  placed  behind  i''^  the  image  is  smaller. 

(c)  A  Cc.  lens  placed  in  front  oiF-^^  the  image  is  smaller. 

(d)  A  Cc.  lens  placed  behind  ^^  the  image  is  larger. 

The  above — apart  from  effectivity — ^account  for  the  fact  that  the  presbyope 
and  hypermetrope  move  Cx.  lenses  out  from  the  eyes,  and  the  myope  pushes 
them  nearer,  as  by  so  doing  they  obtain  larger  retinal  images. 


Fig.  139. 

For  a  given  sized  object  at  a  given  distance,  the  real  image  formed  by  a 
Cx.  lens  is  larger  as  the  lens  is  weaker  and  vice  versa.  The  virtual  image  formed 
by  a  Cc.  lens  is  also  larger  as  the  lens  is  weaker  and  vice  versa.  In  short,  in 
both  cases  the  image  is  larger  the  farther  it  is  from  the  lens.  When  two 
images  are  of  equal  size  they  are  formed  by  lenses  of  equal  power. 

Approximate  Calculation  for  the  Retinal  Image. — The  object  and  its 
image  (Fig.  140)  subtend  equal  angles  at  the  nodal  point,  so  that  the  size  of 
the  image,  which  subtends  a  given  angle  at  N,  depends  on  the  distance  which 
the  axial  rays  travel  before  the  image  is  formed.     If  the  latter  is  at  the 


Fig.   140. — Diagram  showing  the  Ooukse  of  Rays  from  an  Axially- placed 

Object  to  the  Retina. 

A  B  i.s  the  object,  roid  B'  A'  the  inverted  retinal  image.     ^Y  is  tlie  nodal  point. 

retina  the  size  of  the  retinal  image  is  to  the  size  of  the  object  as  the  distance 
between  the  nodal  point  and  the  retina  is  to  the  distance  between  the  nodal 
point  and  the  object^  Taking  the  nodal  point  of  the  reduced  eye  to  be  15  mm. 
from  the  retina-^. 

size  of  0x15     15  0 


1= 


distance  of  0       /^ 
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where  I  is  the  size  of  the  image,  0  that  of  the  object  and/^  the  distance  of 
the  object  from  the  nodal  point.  The  size  and  distance  of  the  object  must 
be  expressed  in  the  same  terms — viz.,  yards,  metres,  etc.- — ^and  the  result 
is  always  in  mm.  as  is  the  distance  of  I. 

Since  the  distance  of  cornea  to  N  is  so  small  compared  with  that  of  a 
distant  object,  it  is  usual  to  ignore  it  and  write  the  formula  as  if  the  distance 
of  0  were  measured  from  the  cornea,  or  refracting  plane,  of  the  emmetropic 
eye.  If  the  object  AB  be  10  cm.  long  and  6  m.  from  the  refracting  plane 
then  its  image  B'A'  is 

15x10 

^=600  ='2^  ^^- 

More  Exact  Calculations. — The  foregoing  is  not  strictly  accurate  for 
every  distance.  The  formula  for  calculating  the  size  of  the  retinal  image, 
deduced  from  the  relation  existing  between  the  distance  of  0  to  nodal  point 
and  nodal  point  to  retina,  is  only  true  providing  the  object  is  at  such  a  dis- 
tance that  no  Ac.  is  exerted  and  the  length  from  cornea  to  nodal  point  is  so 
small  as  to  be  negligible.  When,  however,  the  object  is  brought  sufficiently 
close,  these  assumptions  are  no  longer  possible  and  the  expression  breaks 
down  since,  either  the  image  is  no  longer  formed  sharply  at  the  retina,  but 
behind  it,  owing  to  the  advance  of  the  object,  or  the  image  is  formed  sharply 
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Fig.  141. 

at  the  retina  by  means  of  Ac.  The  focal  lengths  of  the  system,  in  this  latter 
case,  are  shortened,  the  nodal  point  is  advanced  and  the  distance  of  the 
image  from  the  cornea,  although  the  same  as  when  the  object  was  at  oo  ,  is 
now  a  posterior  conjugate  focal  distance  and  not  a  principal  focal  distance. 
Also  the  distance  of  cornea  to  nodal  point,  being  comparable  with  that  of 
the  object,  can  no  longer  be  neglected  as  it  is  in  the  above  formula. 

The  following,  as  will  be  seen,  includes  the  necessary  corrective  factors,  so 
that  the  final  result,  based  upon  the  influence  of  the  anterior  focal  distance 
on  the  size  of  the  retinal  image,  is  of  universal  application. 

Let  Bx  (Fig.  141)  be  the  principal  axis  of  a  reduced  eye  of  which  P  is 
the  cornea  (or  refracting  plane)  and  R  the  retina.  Let  0  be  an  object  at  a 
comparatively  short  distance  such  that  Ac.  (represented  here  by  increase 
in  curvature  of  the  cornea)  is  necessary  in  order  to  retain  the  image  on  the 
retina.  A  ray  Ay^^  drawn  through  the  anterior  focus  i^'j  of  the  accommodated 
eye,  will  proceed  after  refraction  parallel  to  the  principal  axis  and  determine 
the  size  of  the  retinal  image  xy.  Then  xy^^x^y^  its  projection  on  to  the 
refracting  plane  or  cornea  P.  Let  the  distance  of  the  object  from  the  cornea 
be/^;  let/2  ^®  ^^®  posterior  conjugate  focus  x-^x  which  is  a  fixed  value,  since 
the  image  is  formed  at  the  retina. 
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Now,  in  order  that  xy  may  remain  on  the  retina  the  value  of  F^  is  found 
from — 

But  [x  and/o  being,  say,  4/3  and  20  respectively,  in  the  accommodated  eye — 

_      20/1      _   15/1 

"^'~W3T20~15+A 
But— 

AB      BF,    A-Fi 
and  by  the  substitution  of  the  value  of  F^  in  the  latter  we  have— 

.     ,.  15  0 

xy:=vQtn\dX  image==^^, — 
J\ 
where  0  is  the  size  of  the  object. 

This  is  strictly  accurate  for  all  values  of /^  measured  from  the  cornea,  and 
of  course  is  identical  with  the  approximate  formula  when  the  changes  due 
to  accommodative  action  disappear  for  great  values  of  /j. 

The  size  of  the  retinal  image  is  probably  under-estimated  when  the 
constant  15  is  used.  The  latter  changes  with  the  original  dimensions,  and  if 
the  values  of  the  anterior  and  posterior  principal  foci  are  16-5  and  22-25, 
^  still  being  4/3,  we  have — 

16-5  0 

Thus  suppose  an  object  5  cm.  in  size  and  10  cm.  from  the  cornea  be 
clearly  seen  by  an  eye  exerting  10  D.  Ac.  The  true  size  of  the  retinal  image, 
for  an  axial  length  of  24  mm.,  is — 

— --— =8-25mm. 
10 

instead  of  7-5  mm.  as  would  be  found  if  the  constant  15  were  used. 

The  approximate  formula  previously  given  would  be  inapplicable  for 
an  object  at  10  cm.  since  the  distance  of  the  nodal  point  to  the  retina  would, 
on  the  exertion  of  Ac,  no  longer  be  15  mm.  or  16-5  mm.  as  may  be  used. 
Nor  could  the  distance  of  cornea  to  N  be  neglected  in  comparison  with  10  cm. 

The  Retinal  Image  in  Ametropia. — When  there  is  Am.,  always  presumed 
to  be  axial,  the  usual  procedure  is  to  employ  the  approximate  calculation 
and  substitute  for  the  distance  of  nodal  point  to  retina — 15  or  16-5  as  the  case 
may  be— the  increased  or  decreased  value  in  M.  or  H.  respectively.  Thus 
in  M.  or  H.  3  D  we  should  add  or  deduct  about  1  mm.  from  the  mean  constant 
employed  and,  of  course,  more  or  less  in  proportion  as  the  Am.  were  higher 
OX  lower. 
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For  example,  what  is  the  size  of  the  retinal  image  in  M.  6  D.  and  H.  6  D.? 
Here,  taking  15  mm.  as  the  mean  value,  the  distance  of  nodal  point  to  retina 
would  be,  say,  17  and  13  respectively,  so  that  the  retinal  image  in  the  two 
cases  would  be,  for  an  object  10  cm.  high  at  1  m. — 

17x10  ,     13x10 

Wo  =^^-'^ ''''"'•   ^^^    -ioo~=^'^^^"'' 

Such  calculations  are,  however,  of  little  utility.  In  M.  the  image  would 
be  extremely  blurred  unless  the  object  were  at  the  P.  R.  In  H.  with  Ac. 
relaxed,  it  would  be  similarly  blurred  and  if  Ac.  be  used  the  optical  system 
is  entirely  altered  as  it  would  be  also  for  an  accommodated  M.  eye  with  the 
object  within  the  P.  R. 

The  calculation  for  the  ocular  image — that  is  to  say  the  image  formed  by 
the  refracting  system  of  the  eye  at  rest — would  be  the  same  as  for  Em.,  only 
in  M.  it  would  be  in  the  vitreous  and  in  H.  it  would  theoretically  be 
formed  behind  the  retina. 

The  Image  formed  by  the  Eye  and  a  Lens. — In  this  case  the  calculations  are 
more  complicated  and  will  be  found  in  Chapter  XXI.  It  is  there  shown  that  the 
lens  has  no  effect  on  the  size  of  the  retinal  image  when  the  lens  is  ati'j  of  the 
eye  or  again  when  it  touches  the  object.  Between  these  two  extremes  the 
size  varies  as  the  lens  is  moved  outwards  from  the  eye. 

If  the  experiment  be  tried  with  a  convex  lens,  the  object  will  apparently 
increase  in  size  as  the  lens  is  withdrawn,  reach  the  maximum  at  the  midway 
point,  and  then  diminish  to  its  original  size  when  the  object  and  lens  are 
coincident.  If  the  lens  be  concave,  the  image  diminishes  during  the  first  part 
of  the  lens  movement  and  when  beyond  the  half-way  point,  increases  to  its 
original  size  as  lens  and  object  coincide. 

A  displacement  of  the  lens  towards  the  cornea  from  jF^  must  be  reckoned 
negative,  and  then  it  will  be  found  that  the  magnification  decreases  if  the  lens 
is  convex,  and  increases  if  concave,  compared  with  the  magnification  obtained 
atF^.  The  above  arguments  do  not,  of  course,  apply  when  the  convex  lens  is 
so  strong  that,  on  advancement,  a  real  image  of  the  object  is  formed  in  front 
of  the  eye.  On  the  other  hand,  any  power  concave  can  be  employed  to 
demonstrate  the  variation  in  magnification  since  the  image  formed  is  always 
virtual. 

It  must  also  be  particularly  noticed  that  magnification  is  quite  inde- 
pendent of  the  sharpness  of  the  retinal  image.  Definition  is  dependent 
upon  the  divergence  or  convergence  of  the  individual  rays  of  a  pencil  whereas 
magnification  or  size  of  image  is  governed  solely  by  the  pencils  as  a  whole, 
i.e.  by  the  secondary  axes.  Also,  although  the  size  of  the  image  always 
increases  as  we  first  withdraw  a  convex  lens,  it  does  not  follow  that  we  also 
obtain  an  increase  of  effectivity.  Thus  presbyopes,  by  pulling  their  lenses 
down  the  nose  maV,  or  may  not,  obtain  increased  convex  eftect,  but  they 
invariably  obtain  larger  retinal  images.     Magnification   or  size   of  image, 
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definition  or  sharjMicss  of  image,,  and  effectivity  of  the  lens  are  not  definitely 
inter-related. 

Fig.  142  shows  diagramniatically  how  a  Cx.  lens  increases  the  size  of  the 
retinal  image  of  an  object  which  is  within  F  of  the  lens.  AB  is  the  object 
subtending  the  angle  ANB  at  the  nodal  point.     The  lens,  by  rendering  the 


A-^"*. 


3;H.>^ 


Fig.  142. 


Fig.   143. 


light  from  AB  less  divergent,  causes  the  c^-e  to  view  the  virtual  image  A'B' 
subtending  the  angle  A'NB',  so  that  the  retinal  image  is  then  h'a'  instead 
of  ba. 

Fig.  143  illustrates  the  decrease  of  the  apparent  size  of  an  object  viewed 
through  a  Cc.  lens.  The  object  AB  subtends  the  angle  ANB  and  the  image  is 
ba.  When  the  lens  is  interposed,  the  light  divergence  is  increased  and  the 
virtual  image  A'B'  subtends  the  angle  A'NB',  from  which  results  the  retinal 
image  b'a'  smaller  than  ba. 


CHAPTER  XXII 
OCULAR  CALCULATIONS 

Dioptrics  and  Constants  of  the  Eye. 

Tlie  Emmetropic  Eye. — The  average  noruial  eye  is  supposed  to  be  of  certain 
iengtli  and  size,  to  have  surfaces  of  certain  curvature,  and  media  of  certain 
refractive  indices,  as  given  in  the  following  paragraphs.  This  average  emme- 
tropic eye  is  termed  the  schematic  eye;  while  if,  for  the  sake  of  simplicity,  it  is 
reduced  to  a  single  refracting  body,  as  any  compoimd  refracting  system  may 
be,  it  is  termed  the  reduced  eye. 

The  figures  and  constants  given  to  the  schematic  eye  by  various  writers 
differ  somewhat,  and  those  here  given  do  not  exactly  agree  with  any  of  them. 
The  main  difference  is  in  the  length  of  the  optic  axis,  to  which  quantities  vary- 
ing between  22  and  25  mm.  are  given,  and  to  conform  to  these  different  lengths 
the  chief  variation  is  in  the  refractive  index  assigned  to  the  crystalline;  the 
curvatures  of  the  cornea  and  crystalline,  the  thickness  and  position  of  the 
latter,  and  the  refractive  indices  of  the  cornea,  aqueous  and  vitreous  seem  to 
have  values  which  are  very  generally  accepted. 

By  some  the  corneal  radius  is  made  shorter,  a  trout  7-7  mm.,  but  this 
rather  increases  the  difficulty  unless,  as  is  sometimes  done,  the  refractive 
index  is  taken  as  higher  than  that  of  the  aqueous,  so  that  the  concave  posterior 
surface  of  the  cornea  may  have  its  effect  in  increasing  the  focal  length  of  the 
eye  in  order  to  conform  to  an  increased  axial  length.  It  has  not  been  thought 
worth  while  fmther  to  complicate  the  already  sufficiently  involved  refracting 
system  of  the  eye  in  this  way.  The  figures  in  the  first  calculations  are  as 
round  as  could  be  selected  without  departing  too  far  from  those  of  recognized 
authorities  on  the  subject;  at  the  same  time  they  give  cardinal  points  which 
agree  precisely  with  those  of  the  reduced  eye  used  for  ordinary  calculations, 
and  for  this  purpose  are  the  more  useful.  It  is,  however,  known  that  the 
average  Em.  eye  is  about  24  mm.  long  and  this  is  the  basis  of  the  second 
calculated  schematic  eye,  the  figures  pertaining  to  which  are  preferable  when 
greater  exactitude  is  required ;  they  have  therefore  been  used  in  calculations  in 
this  and  other  chapters. 

In  order  that  a  perfect  optical  system  may  result,  it  is  necessary  that 
some  changes  be  made  in  the  figures  taken  for  the  one  and  the  other.  The 
curvatures  of  the  surfaces  must  be  lessened  or  the  refractive  index  of  the 
lens  decreased,  or  that  of  the  vitreoub  mcieased,  for  the  longer  eye.     iSow 
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the  surface  curvatures  of  the  lens  are  generally  accepted,  and  any  decrease  of 
the  corneal  curvature  makes  too  great  a  departure  from  that  which  is  known 
to  be  about  correct.  An  altered  value  of  the  index  of  the  vitreous  would 
necessitate  the  same  of  the  aqueous  or  it  would  be  impossible  to  consider  the 
crystalline  as  a  lens  having  F^=F2.  If  both  were  increased,  lessened  refrac- 
tion would  result^  but  the  calculations  would  become  more  complicated  since 
we  could  no  longer  regard  the  cornea  and  aqueous  as  one  body. 

Consequently  the  one  factor  that  can  be  conveniently  changed  is  that  of 
the  refractive  index  of  the  crystalline;  indeed  this  is  so  estimated  that  the 
emmetropic  eye  nuiy  have  its  posterior  principal  focus  at  the  retina.  The 
crystalline  actually  is  formed  of  a  series  of  layers  of  varying  density  and 
curvature,  both  of  which  increase  from  cortex  to  nucleus;  the  radii  of  the 
external  layers  being  taken  as  10  mm.  and  6  mm.,  it  is  necessary  to  compute 
a  general  refractive  index,  for  the  whole  body,  such  that  its  focal  length  is 
the  same  as  that  caused  by  a  series  of  surfaces  of  increasing  power  from  the 
outside  to  the  centre  and  whose  power,  when  added  to  that  of  the  cornea, 
causes  the  principal  focus  of  the  eye  to  be  at  the  retina.     In  other  words  we 


Fig.  144. — The  Refkacting  Surfaces  and  Media  of  the  Eye. 

must  calculate  an  imaginary  homogeneous  lens  having  radii  equal  to  those  of 
the  external  crystalline  layers,  and  a  uniform  index  which,  in  conjunction 
with  such  radii,  will  give  a  power  equal  to  the  actual  crystalline  lens  in  situ 
between  the  aqueous  and  vitreous,  both  of  whose  indices  have  been  previously 
determined. 

The  Optical  System  of  the  Eye.— The  eye  as  an  optical  system  consists 
of  three  refracting  surfaces — A,  B,  and  C'(Fig.  144)— combined  with  a  concave 
receiving  surface  M.  The  cardinal  points  are  6  in  number,  namely, 
2  focal  points,  2  principal  points  and  2  nodal  points,  and  they  can  be  found 
by  calculation  in  which  the  second  and  thii-d  refracting  surfaces  B  and  C  are 
taken  as  forming  a  double  convex  lens  L,  in  conjunction  with  the  single  re- 
fracting surface  A. 

Thus  to  calculate  the  cardinal  points  of  the  schematic  eye,  it  is  necessary — 
(1)  to  find  these  points  for  the  first  system — the  cornea  A;  (2)  to  find  these 
points  for  the  second  system — the  lens  L;  (o)  to  combine  the  two  systems 
A  and  L. 
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Schematic  Eye  No.  1  calculated  for  an  axial  length  of  22-2  mm.  and 
cardinal  points  which  correspond  with  those  of  the  reduced  eye.  The  figures 
are  as  follows  :■ — 

The  cornea  A  has  a  radius  r^  of  8  mm. 

The  front  surface  of  the  crystalline  B  a  radius  9\>  of  10  mm. 

The  back  surface  C  a  radius  r^  of  6  mm. 

The  distance  AB  from  the  cornea  to  the  crystalline  is  3-6  mm. 

BC^=t,  the  thickness  of  the  crystalline,  is  also  3-6  mm. 

/*i>  /^2'  /^3'  /^4'  ^^^  ^°^^'  ii^^dia  through  which  the  light  passes,  have  the 
following  refractive  indices:  /*j=l,  /X2=1'333,  /u.3=1450,  and  /x^=l-333. 

£- 


i 


Fig.  145. — The  Optical  System  of  the  Cornea. 

The  Optics  of  the  Cornea. — The  anterior  focal  length  of  the  cornea  A 
(Fig.  145)  is— 

i\u  8x1 

The  posterior  focal  length  is — 

r,ji.       8x1-333 
Fp=-''-^=  =32  mm. 

fX.^—fl^       I'OOO  — 1 


The  ratio- 


F^_24       1        3    /.^ 


Fp     32    1-333    4     i^., 

and  Fp  -  Fa=32  -  24=8=the  radius  of  curvature;  also  Fp^F^/xg.  that  is 
32=24x1-333. 

The  principal  point  is  at  the  surface  A ;  the  nodal  point  is  at  D,  the  centre 
of  curvature,  which  is  8  mm.  behind  A. 


54i- 


FiG.  146. — The  Optical  System  of  the  Crystalline. 

The  Optics  oJ  the  Crystalline. — Being  given  a  presumed  refractive  index 
of  1-450  and  having  similar  media  on  both  sides  of  jut=l-333,  the  relative 
index  /x^  of  the  crystalline  lens  (Fig.  146)  is — 


^,     1-450 
/^r=-=r^^=l-087- 
ji*2     l-6o6 
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Let  the  following  quantity  be  called  Q. 


Then 


Q=10+6-3-6x 


1-087  - 1 

1-087 


:l5-72. 


The  distance  of  the  first  equivalent  point  E   from  the  front  surface  is — 


rd 


^i=:.-n— 1 


10x3-6 


36 


=2-1  mm. 


Ai,Q     1-087x15-72     17-06" 
The  distance  of  the  second  equivalent  point  Ej  from  the  back  surface  is — 
ut  6x3-6  21-6 


Eo 


=1-26  mm. 


^    /x,  Q     1-087x15-72     17-06" 
The  anterior  and  posterior  principal  focal  lengths  are  represented  by 


Fp.     Then- 


c- 


F. 


ToU 


10x6 


(/^,-l)Q     0-087x15-72     1-368 


60 
----=43-86  mm. 


In  this  case  F^^Fg;  the  anterior  is  equal  to  the  posterior  focal  length 
because  the  first  and  last  media  have  the  same  refractive  index— that  is, 
/^2'=/*4  '■>  also  the  principal  points  coincide  with  ,the  nodal  points  and  may 
therefore  be  termed  the  equivalent  points. 

The  distance  E^E2=Tc  is  the  equivalent  thickness  of  the  lens  and 

Tc=3-6  -  (2-1+ 1-26)=3-6  -  3-36=0-24  mm. 


Fig.  147. — The  Optical  System  of  the  Eye. 


The  Optics  oi  the  Schematic  Eye  No.  1. — Combining  the  two  systems 
A  and  L  (Fig.  147),  the  distance  between  the  adjacent  principal  points  of 
Af  and  L 

^=AEj=3-6+2-l=5-7  mm. 
Let  the  quantity  Fp+F^  -dhe  called  Q. 

Q=324-43-86  -  5-7^70-16. 
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The  distance  of  the  first  principal  point  P  behind  the  cornea  is — 

YJ    24x5-7     136-8 
^^=Q  =  7iri6- =70-16=1-^^  ^^- 

The  distance  of  the  second  principal  point  ?«  in  front  of  Eg,  the  second 

equivalent  point  of  the  crystalline,  is — ■ 

F^d     43- 86x5-7      250 
^■^=  Q  =     70-16     =70-16=^*^^  ""^^- 

Then  P,  lies  behind  the  cornea  at  a  distance— 

AP2=3-6+3-6  -  (l-26+3-56)=2-38  mm. 

The  anterior  focal  length  F^  of  the  eye  is — 

F.Fp     24x43-86     1052-64 
'^.=  i-= -70.16    =T0.16  =^-' "™- 

The  posterior  focal  distance  Fo  is — 

FpF,,     32x43-86     1403-52 

The  ratio— 

F^^15_J_^3^/.^ 

Fa     20     1-333     4     /x^ 

The  radius  of  curvature  of  the  equivalent  refracting  surface  is — 

•PiNi=P.No=Fo  -  F^=20  -  15=5  mm. 

The  distance  T  between  the  principal  points  is — 

T=P2  -  P^=2-38  -  1-95=0-43  mm. 

The  nodal  points,  N^  and  N.,,  are  located  thus :  the  distance  between  X 
and  P^  and  that  between  No  and  P.^  is  equal  to  Fo  -  F^=5  mm. ;  so  that — 

AN^=l-95+5=6-95  mm.  AN2=2-38+5=7-38  mm. 

then  also-  ^^  _  ^_^^^  _  g.^^^^..^.  ^^^^^^ 


Tabulated  Positions  of  the  Cardinal  Points. 

Distance  from  Cornea  in  mm. 

Fi=13-05  P^=l-95  Nj=6-95 

F2=22-38  P2=2-38  N2=7-38 

Fj^  is  15  mm.  from  P^  and  20  mm.  from  N  . 
F2  is  20  mm.  from  P.^  and  15  mm.  from  Ng. 
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Simplified  Cardinal  Points. 

The  interval  between  the  two  principal  points  is  so  small  that  thev  can 
be  regarded  as  one,  P;  so  also  can  the  two  nodal  points  be  taken  as  one, 
N.  Thus  in  the  simplified  schematic  eye  there  are  but  four  cardinal  points, 
viz.,  two  focal  i^oints,  one  principal  and  one  nodal  jooint. 

The  distance  of  F^  from  P  and  F2  from  N=1.5  mm. 
F.,  from  P  and  F^  from  N=20  mm. 
,,        ,,  P  from  the  cornea  =2-2  mm. 

,,        ,,  N  from  the  cornea  =7-2  mm. 

N  from  P  =5  mm. 

The  length  of  the  optic  axis  =22-2  mm. 

The  anterior  power  D^  =66-66  D. 

The  posterior  power  Dp  =50  D. 


Fig.  148. — The  Schematic  Eye.     (Natural    size.) 

The  Significance  of  the  Principal  and  Nodal  Points.— The  principal  point 
marks  on  the  optic  axis,  the  ideal  refracting  surface  or  the  imaginary  plane 
on  which  the  refraction  of  the  three  surfaces  of  the  eye  is  presumed  to  be 
united  and  from  which  the  focal  lengths  are  measured.  The  nodal  point  is 
that  at  which  the  secondary  axes  cut  the  principal  axis — i.e.  those  rays 
which  pass  through  the  nodal  point  are  not  deviated,  and  the  angle  which 
an  object  subtends  at  the  nodal  point  governs  the  size  of  the  retinal  image. 

Schematic  Eye  No.  2  calculated  for  an  axial  length  of  24  mm. 

All  the  data  are  the  same  as  in  No.  1  with  the  exception  that  /X3=:l-418. 

The  cornea  is  as  previously  calculated.  For  the  crystalline  we  get 
ftr=1418/l-333=l-0635. 

Having  the  same  thickness  and  radii  but  with  /i.r=l-0635,  by  similar 
calculations  we  obtain  Ei  =  2-15  mm.,  E,  =  l-28  mm.,  Fp  =  (30  mm., 
Tc=-17  mm. 

Combining  the  two  systems,  the  approximate  values  for  the  eye  are — 

Fi=16-7  mm.  T^=1'6  mm.  Ni=7-16  mm. 

F2=22-26mm.         Po=l-92mm.  No=:7-48mm. 

T  =-32  mm.        F2  -  Fi=5-56  mm. 
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Assuming  the  two  principal  points  and  the  two  nodal  points  to  be  each 
united,  we  may  approximate  the  above  figures  to — 

The  distance  of  F^  from  P  and  F2  from  N=16-75  mm. 

F,  from  P  and  F^  from  N=22-25  mm. 

P  from  the  cornea  =2  mm. 

N  from  the  cornea  =7-5  mm. 

N  from  P  ^5-5  mm. 

The  length  of  the  optic  axis  =24  mm. 

The  anterior  power  D^  =60  D. 

'  The  posterior  power  Dp  =45  D. 

The  Reduced  Eye. — For  convenience  in  calculations,  the  eye  may  be 
reduced  to  an  equivalent  single  refracting  body  from  which  the  crystalline  is 
presumed  to  be  absent,  so  that  there  is  only  one  refracting  surface  and 
medium,  i.e.  the  cornea,  which  is  at  the  ideal  refracting  plane  (the  principal 
plane)  of  the  schematic  eye.  It  is  given  a  radius  of  curvature  suitably  cor- 
responding to  this  position,  viz.,  5  mm.  which  is  the  distance  between  the 
principal  and  nodal  points  of  the  schematic  eye  No.  L 


Fig.  149. — The  Reduced  Eye. 

Constants  and  Calculations.— /x=l-333,  r=5  mm. 

5 


Fi= 


F,= 


1-333-1 
5x1-333 


1-333-1 
P  is  at  the  cornea. 


=15  mm.  in  front  of  P. 
20  mm.  behind  P. 


N  is  5  mm.  behind  P  at  the  centre  of  curvature  of  the  cornea.  The  four 
cardinal  points  Fj^,  Fo,  P  and  N  are  precisely  the  same  as  in  the  schematic  eye 
No.  1. 

A  reduced  eye  calculated  on  the  figures  of  the  schematic  eye  No.  2  would 
have — 


r=5-5  mm. 


Fj— 5-5x3=16-5  mm. 


F,=5-5x4=22  mm. 


378 


VISUAL  OPTICS  AND  SIGHT  TESTING 


OPTICAL  CONSTANTS  OF  THE  EYE. 


Calculated  Eye 

Calculated  Eye 

No.  1. 

No.  2. 

Cornea  : 

Thickness 

1  mm. 

— 

A*     .         

1-333 

— 

Radius 

8  mm. 

— 

Principal  point  at  cornea 

— 

— • 

Nodal  point  behind  it   .  . 

8  mm. 

— 

Anterior  focal  length     .  . 

24    „ 

— 

Posterior  focal  length    .  . 

32    „ 

— 

Anterior  dioptric  power 

41-66  D. 

— 

Posterior  dioptric  power 

31-25  D. 

— 

^t  of  aqueous  and  vitreous    . . 

1-333 

— 

Crystalline  : 

Thickness            

3-6  mm. 

— 

Computed  [x 

1-45 

1-418 

Relative  fjt. 

1-087 

1-0635 

Anterior  radius  . . 

10  mm. 



Posterior  radius 

6    „ 

. 

First  equivalent  point  .  . 

2-1    mm. 

2-15  mm. 

Second  equivalent  point 

1-26    „ 

1-28    „ 

Focal  length 

43-86    „ 

60 

Dioptric  power  . . 

22-8  D. 

16  D. 

The  Schematic  Eye  : 

Length  of  optic  axis 

22-2  mm. 

24      mm. 

Principal  point  . . 

2-2 

2 

Nodal  point 

7-2     ',', 

7-5      „ 

P.  to  N ; ; 

5         >. 

5-5      „ 

Anterior  focal  length     . . 

15 

16-75    „ 

Posterior  focal  length    . . 

20 

22-25    „ 

Anterior  dioptric  power 

66-66  D. 

60  D. 

Posterior  dioptric  power 

SOD. 

45  D. 

Cornea  to  front  of  crys. 

3-6  mm. 

_ 

Cornea  to  back  of  crys. 

7-2    „ 



Cornea  to  centre  of  rotation    . . 

13-2    „ 

14      mm. 

Nodal  point  to  centre  of  rotation 

6       „ 

6-5      „ 

Retina  to  centre  of  rotation     . . 

9 

10 

Where  the  figures  of  the  two  calculated  eyes  (Jifier  they  are  for  comparison 
placed  side  by  side. 

Conjugate  Foci  of  the  Eye. 

Conjugate  foci,  with  respect  to  the  eye,  are  calculated  very  simply  because 
extreme  accuracy  is  not  needed.  Thus  when  calculating  the  distance  of  the 
anterior  conjugate  if,  say,  3  D.  Ac.  is  exerted  by  an  Em.,  we  say  that  it  is 
100/3=33  cm.  In  this  we  take  it  that  the  increased  power  of  the  eye  is 
equal  to  that  which  would  be  produced  by  the  addition  of  a  +3  D.  lens  in  the 
principal  plane  of  the  eye.  Similarly  we  calculate  the  P.  K.  to  be  at  33  cm. 
positive  or  negative  in,  respectively,  M.  3  D.  and  H.  3  T).  Here  we  take  it 
that  the  eye  is  increas(>d  or  decreased  in  power,  respectively,  to  the  extent 
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of  3  D.,  or,  what  is  the  same,  the  eye  is  longer  or  shorter  to  an  extent  equal 
to  the  difference  between  the  length  of  a  normal  eye  and  that  of  an  eye  whose 
principal  focus  would  be  at  the  retina  if  the  refracting  power  of  the  eye  were 
reduced,  or  increased,  to  an  extent  represented  by  a  3  D.  lens  placed  in  the 
principal  plane. 

For  accurate  calculations  it  would  be  necessary  to  use  the  forraulfc  con- 
necting the  linear  conjugates  with  the  anterior  and  posterior  principal  foci  of 
a  single  refracting  surface,  i.e. — 

^1+^2=1  or  FiF,=AB 

where  Fj  and  F^  are,  respectively,  the  anterior  and  posterior  focal  distances 
and/j  and/o  the  object  and  image  conjugates;  A  and  B  are  the  distances  of 
/,  and/o  respectively  from  F^  and  F.,. 

If  we  wish  to  use  dioptric  expressions  we  have — 

Di/^i+Do/Xo=D.  or  — +      =Dp 

where  D  ^  and  Dp  are  respectively  the  anterior  and  posterior  dioptric  powers, 
D^  and  Dg  the  anterior  and  posterior  dioptric  conjugates,  and  //^  and  /xo  the 
refractive  indices  of  air  and  of  the  eye  (reduced)  in  which  D^  and  D,,  are 
respectively  situated. 

We  have  taken  for  the  eye  the  values  Fi=16-75  mm.  and  F.j=22-25  mm. ; 
therefore  D^=60  and  Dp=45.  /ai=1  may  be  ignored  and  /^_>=l-333  may  be 
taken  as  4/3. 

F^^.3=F.^     and    Dp/x.2=D^ 


Now — 


A  Q 

Di+*D2=Da=60     or    Pi+Do=Dp=45 
o    "  4 


whence  _      /.r^    ^t^  ^nr     tw 

D,=60-   Do    or      (45 -D,) 

Do=^(60-Di)     or    45-?Di 
-    4  4    ^ 

As  an  example,  suppose  an  eye  to  be  longer  than  the  normal  to  the  extent 
of  1-15  mm.  so  that  the  distance  to  the  principal  plane  is  22-25+ M5=: 
23-40  mm. 

Then—  -  1000       ^    ^  ^ 

and—  Di=60  -  4/3  X  42-75=3  D. 

That  is  to  say,  the  conjugate  focus  of  the  retina  is  +3  D.,  or  the  P.  R.  is 
3  D.  positive  (33  cm.  in  front  of  the  eye),  or  the  refractive  condition  is  that 
of  M.3D. 
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Suppose  an  object  were  at  1  m.  in  front  of  the  eye;  how  far  would  the 
image  be  behind  the  refracting  plane  ?     We  have — 

3  1000 

Do= ,  (m  -  l)=44-25  D.  and  , .  vr.=^22-6  mm. 

-    4  '  44-25 

so  that— 

/2==22-6-22-25=-35  mm.  behind  the  retina. 


The  Length  of  the  Globe  in  Ametropia. 

The  P.  R.  and  Length  of  Globe. — The  formula  for  conjugate  foci  of  a  single 
surface  is — 

—  +—=1 

A        /2 

If  for  /j  we  put  R,  the  distance  of  the  far  j^oint  from  the  principal  point, 
and  for /a  we  put  L  to  represent  the  distance  of  the  retina  from  the  principal 
point,  we  have,  using  the  simj^lified  figures  of  the  schematic  eye  No.  2 — 


whence  we  get 


16-75     22-25 


22-25  R      ^  16-75  L      ^ 

;=L     and     ^ — ;^^-^i=Iv 


R- 16-75  L- 22-25 

If  R  and  L  are  expressed  in  diopters  we  have — 

R4-L/x2=Da    or    R//>i2+L=Dp 

^     3(D,-R)    4Dp-3R 
whence  L=— -•^ 


or  L  in 


4  4 

4000  4000 


3(60- R)     4Dp-3R 

Thus  an  eye  which  is  myopic  5  D.  has — 

4000 

L= =24-24  mm. 

3x(60-5) 

If  an  eye  is  hy]ieropic  5  D.  then — 

4000 
L=- — -— — -=20-51  mm. 
3x(60+5) 

The  increase  or  decrease  of  length  b  is  the  difference  between  the  exact 
value  of  L  and  F2=22-25  mm.  The  increase  is  greater  in  M.  than  is  the 
decrease  of  length  in  H.  of  same  degree  although  the  difference  is  small  for 
low  errors.  Finally  the  lengths,  above  given,  are  from  P  to  the  retina;  for 
those  of  the  eye  there  must  be  added  2  mm. 
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Variations  in  Length  for  True  Am. — For  the  value  of  b  wc  have 

4000 

-  22-25 


4:Do-3R 


and  froiu  this  the  following  formulte  aie  derived.  If  b  the  decrease  or  increase 
of  length  is  known,  we  can  learn  the  degree  of  true  H.  or  M.  respectively 
from — 

2-7  6  2-7  b 

1--045  b  1+-045  6 

Again  if  the  true  degree  of  H.  or  M.  is  known  we  find — • 

-„  —  -- -^=decrease  in  H.         ^— — ^jrr^fr  =^increase  in  M. 
2-7+'045  D  2-7 --045  0. 

Thus  sujjpose  H.  10  D.;  there  is — 

10  10 

2-7+(-045xl0)=3-r5^'-^'  ^""^-  ^'''''''- 


And  in  M.  10  D.  there  is— 

10  10 


2-7 -(-045x10)     2-25 


=4-44  mm.  increase. 


If  the  calculation  has  been  made  according  to  the  power  of  the  correcting 
lens  16-75  mm.  in  front  of  the  refracting  plane  of  the  eye,  it  would  be  +8-5  D. 
and  —  12  D.,  respectively,  and  the  result  of  the  calculations  would  be  the 
same  as  is  shown  in  the  next  article. 

Variations  in  Length  for  Nominal  Am.— When  the  degree  of  Am.  is  nominal, 
i.e.  that  represented  by  the  correcting  lens,  the  increase  or  decrease  of  length 
is  best  calculated  by  Newton's  formula — 

AB-FiFa 

A,  which  we  will  here  call  R,  is  the  distance  of  the  one  conjugate  beyond 
F^  and  therefore  from  the  correcting  lens,  whose  position  closely  coincides 
with  Fj;  it  is  the  far  point  measured  from  the  lens.  B  is  the  distance  of 
the  other  conjugate  beyond  Fg  and  therefore  is  the  increase  or  decrease  of 
length  of  the  globe,  which  we  will  call  b.     I.^hen — 

R6=FiF2=22-25x  lG-75=372-6875 

Hence  we  can  learn  the  value  of  b  or  R,  from  the  following  formulse,  where 
the  constant  375  is  substituted  for  372-6875  :— 

~—--=^b     and     -^-^R 
K  0 


382 
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If  R  is  positive,  so  also  is  h — the  eye  is  too  long;  if  R  is  negative,  so  also 
is  h — the  eye  is  too  short.     If  the  correcting  lens  is  expressed  in  diopters  we 

^^^^~  -375  J)=b    and     2-7  b=J) 

Here,  of  course,  b  is  positive  or  negative  according  as  D  is  negative  or  positive 
respectively. 

It  will  be  noticed  that  the  values  of  b,  for  given  errors,  difier  somewhat 
from  those  generally  tabulated.  Since,  however,  the  method  of  calculation 
is  not  usually  stated,  there  is  some  doubt  as  to  whether  the  errors  referred 
to  are  true  errors,  or  those  rejpresented  by  the  correcting  lenses.  Bonder's 
formula  is  based  on  F^Fg  of  the  reduced  eye,  which  is  15  X  20=300. 

The  lengthening  of  the  eye  in  M.  is  the  same  as  the  shortening  in  H.  both 
being  represented  by  the  correcting  lenses  ;  but  the  -j-lens  corrects  more  H.  and 
the -lens  less  M.  than  its  number  indicates,  i.e.  a  given  lengthening  pertains 
to  less  M.  and  the  same  amount  of  shortening  to  more  H.  or,  in  other  words,  as 
shown  previously,  M.  causes  a  greater  increase  in  length  than  the  shortening 
in  a  similar  degree  of  H.  In  comparing  the  two  sets  of  formulae,  the  above 
points  must  not  be  forgotten.  For  instance,  suppose  the  errors  are  corrected, 
respectively,  by  a  +10  D.  and  a  —10  D.  lens.  10  D.  nominal  H.  is  produced 
by  a  shortening  of  the  globe  of  -375  X  10==3-75  mm.  The  lens  being  16-75  mm. 
in  advance  of  the  principal  point,  the  true  P.  R.  is  100-  16-75— 83-25  mm., 
so  that  the  length  of  the  axis  of  the  eye  is — 


22-25x(- 83-25) 
-83;-25- 16^75 


=^18-5  mm. 


i.e.  the  eye  is  22-25  -  18-5  =  3-75  mm.  too  short,  and  this  shortening  repre- 
sents 1000/83-25=12  D.  true  H.  approx. 

The  nominal  M.  of  10  D.  is  produced  by  a  lengthening  of  the  globe  of 
-375 X  10=3-75  mm.  The  lens  being  16-75  mm.  in  advance  of  the  principal 
point,  the  true  P.  R.  is  100+16-75=116-75  mm.  so  that  the  length  of  the  axis 
of  the  eye  is^ — ■ 

22-25x116-75 

116-75- 16-75^^^  ""^^•' 

i.e.  the  eye  is  26  -  22-25=3-75  mm.  too  long  and  this  lengthening  represents 
1000/116-75=8-5  D.  true  M.  approx. 

Table  of  the  Values  of  b. — Since  refractionists  are  not  very  interested  in 
the  tjue  error,  there  is  given,  in  the  following  table,  the  approximate  decrease 
ill  H.,  and  the  increase  of  length  in  M.,  for  the  errors  as  represented  by  the 
correcting  lens  placed  about  15  mm.  in  front  of  the  cornea. 


Error  in  D.'s 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14     16     18     20    22 

Valuo  of  b  in 

nun. 

•375 

-75 

M 

1-J 

i-8 

2*2 

2-6 

3 

3-3 

3-7 

4-4 

52     (i     O-U    7-5ii«25 

I 
1 
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To  obtain  the  length  of  the  eye,  the  above  figures  must  be  deducted  from 
or  added  to  24  mm.  in  H.  and  M.  respectively. 

From  this  table  we  see  that  an  eye  corrected  by  a  -  22  D.  lens  is  244-8-25= 
32-25  mm.  in  length,  or  equal  to  the  posterior  focal  length  of  the  cornea.  Thus 
if  the  crystalline  be  extracted  from  such  an  eye,  it  becomes  practically  Em. 

In  all  the  foregoing  calculations,  the  constants  and  figures  employed  are 
true  only  to  a  fair  approximation.  Exact  constants  are  not  necessary  since 
we  do  not  know  the  actual  dimensions  and  curves  of  emmetropic  and  ame- 
tropic  eyes. 

The  Correcting  Lens  in  Aphakia. 

When  the  ci'ystalline  is  extracted  the  eye  is  reduced  to  an  optical  system 
of  one  refracting  surface,  viz.,  the  cornea  which,  with  the  aqueous  and  vitre- 
ous, forms  a  uniform  medium  of  /x=l-33.  Let  L,  the  length  of  the  eye,  be 
24  mm.,  Pi=24  mm.  and  F2^32  mm. 

The  formula  for  conjugate  foci  with  a  single  surface  is,  as  shown, 

+     =1 

/l        J -2 

Calling /i  the  far  point  R,  and/o  the  length  of  the  globe  L,  we  obtain  the 
following  which  gives  the  P.  R.  and,  therefore,  the  degree  of  H.  caused  by 
extraction  of  the  crystalline  from  a  previously  Em.  eye. 

LF,       24x24    576 
^=L-F.3=24-32=-8=-''"^" 

The  eye  has  a  P.  R.  of  72  mm.  behind jthe  cornea  or  lOUU/72^14  1).  H. 
and  if  the  correcting  lens  be  placed,  as  is  usual,  about  15  mm.  in  front  of  the 
cornea,  its  focal  length  would  be  =  +72+15=  +87  mm.  or  +11-5  D. 

From  the  above  formula  there  can  be  found  the  P.  R.  or  the  focal  length 
of  the  correcting  lens  at  the  cornea  for  any  length  of  globe,  and  to  this  should 
be  added  15  mm.  to  obtain  the  focal  length  of  the  correcting  lens  at  the 
usual  distance,  treating,  of  course,  the  negative  P.  R.  found  as  a  positive 
quantity  when  adding  the  15  mm.  Or  if  the  P.  R.  measured  from  the 
cornea  be  known,  the  length  of  the  globe  L  can  be  found  from 

32  R 
^=R~24 

From  the  formula  Ri=FiF.,,  we  can  obtain  R  the  far  point,  measured 
from  the  anterior  focal  point,  or  b  the  distance  of  the  retina  from  the  posterior 
focal  point.  Now  in  aphakia  Fi=24  mm.  and  F2=32  mm.  from  the  cornea, 
whence  R6=FiF2=24  X  32=768  and  6=L  -  32,  so  that 

768 
^=L^32 
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and  the  correcting  lens  placed  at  F^  in  terms  of  the  axial  length  L  in  mm.  is 
32000-1000  L 
768 

Thus  if  L=24  mm.,  R=  -  72  mm.  and  the  value  of  D  in  the  anterior  focal 
plane,  or  24  mm.  in  front  of  the  cornea,  is  10-47. 

But  if  the  lens  is  jjlaced  15  mm.  from  the  cornea,  or  9  mm.  behind  F^, 

41-67 -1-3x24         _         10-47         _      ^ 
^'^T^009{ihlo7^i-Sx2i)~l  -  -009  X 10-47"     '^ 

1000 
or  more  simply  ^^1(>47'^^^  ~  '^^         ^^^^' 

1000 
and     D---g--=ll-5 

as  before  calculated. 

Aphakia  with  Previous  Am. 

In  ordinary  Am.  where  D'  is  the  correcting  lens  15  mm.  in  front  of  the 
cornea  _  ^^.g^g  B'^24:  -  L,  or  L==24  -  -375  D' 

Then  by  substituting  for  L  its  value  in  terms  of  D'  we  get  the  correcting  lens  D" 
for  an  aphakic  eye  which  was  previously  ametropic  as  represented  by  D'  its 
correcting  lens 

D"=41-67  -  1-3  L=-41-67  -  1-3  (24—375  D') 

That  is  D"  —10-47+ -4875  D'  when  the  lens  is  24  mm.  in  front  of  the  cornea. 
If  the  lens  is  at  15  mm.,  or  9  mm.  farther  back  we  get — ■ 

1000  D"    _  10470+487-5  D'  _ll-5+-535  D' 
^"^iOOO -Tir~905^77'-  4^875^' ~T-  -0048  D' 

This  is  very  nearly  the  same  as  +11-5+ -5  D'  as  given  in  Chap.  VI.  as  an 
approximate  calculation. 

From  this  we  find  that  an  original  myopia  of  22  D.  would  result  in  an 
aphakic  emnietropia. 

Variation  of  b  in  Aphakia. — Since  R6=768  or  R=768/6  we  have  the  power 
of  the  correcting  lens,  expressed  in  teims  of  the  distance  between  the  retina 
and  F.^,  as 

- 10006 

but  here  the  lens  is  24  mm.  in  front  of  the  cornea.  If  placed  at  15  ram.  it 
would  need  to  be  stronger,  and  the  power  of  the  correcting  convex  lens  in 
aphakia,  for  each  mm.  the  eye  is  shorter  than  32  min.,  varies,  not  by  a  fixed 
quantity,  but  by  one  which  increases  as  the  eye  is  shorter.     For  long  eyes 
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each  mm.  represents  1-3  D.  (approx.);  if  the  eye  be  about  normal  length, 
each  mm.  =144  D.  (approx.)  and  in  very  short  eyes  each  mm.  =1'55  D. 
(approx.).  A  rough  calculation  is,  say,  1-5  D.  for  each  mm.  the  eye  is  shorter 
than  32  mm.  If  the  eye  were  so  long  as  to  still  need  in  aphakia  a  concave 
lens  the  latter  varies  by  about  1-2  D.  for  every  mm.  increase  of  length  beyond 
32  mm, 

Thus  1  mm.  variation  of  length  represents  approximately  1-5  D.  variation 
of  power  in  the  aphakic  eye,  while  that  same  variation  represents  3  D.  in  the 
eye  having  a  crystalline  lens. 

The  Real  Degree  of  Am. 

We  speak  of  nominal  H.  or  M.,  as  represented  by  the  correcting  lens 
placed  in  the  anterior  focal  plane  or  16-75  mm.  in  front  of  the  refracting  plane 
of  the  eye;  and  we  then  refer  to  the  true  degree  or  error  as  represented  by  a 
lens  placed  in  the  refracting  plane,  or  in  contact  with  the  cornea  of  the  reduced 
eye.  The  true  degree  of  Am.  does  not,  however,  represent  the  actual  posterior 
dioptric  excess  or  deficiency.  From  the  formulae  connecting  the  anterior  and 
posterior  focal  powers  of  a  single  surface  with  its  dioptric  conjugates  we  have — 

D.,=-^^ "■  or  D,=Dp  -  -^ 

Suppose  M.  1  D.  where  the  P.  R.  is  1000  mm.=l  D.  from  the  refracting 

plane;  then — 

60-1  1 

Do= or  45 =44-25 

-     1-333  1-333 

and  in  H.  1  D.  where  the  P.  R.  is  - 1000  mm.  =  - 1  D  from  the  refracting 
plane,  we  get — 

60+1  1-333 

°==l^  »  «+— =45-75 

Now  the  posterior  conjugate  of  the  Em.  eye  behind  the  principal  piano 
is  45  D. ;  consequently  we  have,  in  M.  1  D.,  a  conjugate  deficiency,  or  increased 
length,  and  in  H.  a  conjugate  excess,  or  decreased  length,  of  -75  D.  instead 
of  1  D.  Expressing  this  as  a  formula  we  have  the  dioptric  excess  or  deficiency 
in  the  eye=D//Jt..  Indeed  it  may  be  said  that  any  dioptric  quantity  D  outside 
the  eye  becomes  D//u.  inside  the  reduced  eye. 

In  the  example  given  in  a  previous  article,  '"Conjugate  Foci,"  it  was 
shown  that  a  variation  of  2-25  D.  in  the  eye  produced  a  M.  of  3  D. 

The  Dioptric  Change  in  the  Accommodated  Eye. 

The  amount  of  Ac.  or  auxiliary  dioptric  power,  required  for  seeing  at  any 
distance,  is  the  diophrd  difference  between  the  posterior  focal  length  of  the 
eye  and  the  back  conjugate  focus  which  results  when  an  object  is  near.     Now 
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this  latter  distance  is  less  remote,  from  the  refracting  plane  of  the  eye,  than 
would  be  the  case  if  the  dioptric  system  were  a  lens  in  air,  whose  focal  length 
is  the  same  as  the  posterior  focal  length  of  the  eye.  The  relative  values  of 
the  anterior  and  posterior  powers  of  the  eye  are  as  4 : 3  or  as  /^  of  the  vitreous : 
fx  of  air;  similarly  a  dioptric  effect  D  expressed,  as  in  air,  becomes,  in  the  eye, 
D//X.     Thus  the  dioptric  change  of  the  eye  when  accommodated  is — 

D 

Ac.=- 
/^ 

where  D  is  the  dioptric  distance  of  the  object  from  the  principal  plane. 

The  foregoing  applies  to  the  dioptric  change  which  takes  place  in  the 
emmetroi)ic  eye  when  it  is  accommodated.     If  the  eye  is  ametropic — 

D-R 

Ac.= 

where  D  is  the  dioptric  distance  of  vision  in  air  measured  from  the  principal 
plane  and  R  is  the  far  point  in  diopters  measured  from  the  same  place. 

Change  of  Curvature. — When  Ac.  takes  place,  the  front  surface  of  the  Crys, 
becomes  more  Cx.,  and,  presuming  that  no  change  takes  place  at  the  back 
surface,  the  new  radius  r  of  the  front  surface  is  found  from  the  following, 
where  A  is  the  Ac.  exerted. 

For  the  Crys.  lens  in  situ — 

/A  —  r 


D  = 


1000(/.-l)('ri+r2-i'- 


With  r^—^  mm.,  f=3-6  mm.,  and  /x=l'0635— 

63-5y+368     .,,,,61 
D= ^ — _:=::^10-5+     (approx.) 

These  figures  apply  to  eye  No.  2,  in  which  D  is  taken  as  16,  whence — 

60   I 
/■=--— Upprox.) 
6+A 

and  for  Ac.  expressed  for  distances  in  air — 

r— (approx.) 

8-f-A 

Place  o£  Dioptric  Change. — In  the  foregoing  calculation  the  change  is 
presumed  to  take  place  at  the  front  surface  of  the  crystalline,  which  is  close 
to  the  principal  plane  of  the  eye;  or  the  Ac.  is  presumed  equal  to  the  power 
of  an  added  thin  Cx.  lens,  of  suitable  /x,  placed  in  the  aqueous  at  the  principal 
plane.  In  the  case  of  the  reduced  eye  this  lens  is  presumed  to  be  placed 
immediately  hehind  the  ideal  cornea.  Thus  if  the  Ac.  is  expressed  by  the 
power  of  a  lens  in  air  in  contact  with  the  reduced  cornea,  its  value  is  D,  and  if 
by  a  lens  immediately  behind  the  reduced  cornea,  by  D//a  or  3  D/4.     The 
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total  power  of  the  eye  accommodated  for,  say,  33  cm.  is  anteriorly  60+3 
=63  D.;  posteriorly  45+3/l-333=4:7-25  D. 

If  the  auxiliary  lens  were  placed  at  the  back  surface  of  the  crystalline, 
that  is,  at  the  nodal  point  of  the  schematic  or  reduced  eye,  it  would  need  to 
be  stronger  than  if  placed  in  the  principal  plane.  If  we  disregard  the  differ- 
ence of  the  distance  of  the  object  from  the  principal  and  the  nodal  points, 
the  power  of  the  thin  auxiliary  lens,  or  the  accommodative  action,  at  the 
nodal  point  is  D/x.  Thus  suppose  an  object  at  25  cm.;  we  say  that  the  Ac. 
exerted  is  4  D.  The  dioptric  change  in  the  eye  at  the  principal  plane  would 
be  4x3/4=3  D.;  if  the  dioptric  change  could  be  made  at  the  nodal  point  it 
would  be  4x4/3=5-33  D.;  if  the  change  took  place  at  some  certain  point  in 
the  crystalline  it  would  be  4  D.  For  light  diverging  from  25  cm.  a  focus 
would  be  obtained  at  the  retina  of  an  emmetropic  eye  by  the  interposition  of 
a  thin  Cx.  lens  of  4  D.  in  front  of  the  cornea,  of  3  D.  in  the  principal  plane, 
of  5-33  D.  at  the  nodal  point  and  of  4  D.  in  the  crystalline  somewhere — 
approximately  midway — between  the  principal  and  nodal  points.  The  retinal 
image  would,  however,  vary  in  size  for  the  different  positions  of  this  accom- 
modating lens. 

When  the  eye  is  accommodated  for  about  14  cm.  the  crystalline  may  be 
considered  to  be  practically  an  equiconvex  lens,  both  surfaces  being  of  6  mm. 
radius.  The  anterior  focal  point  of  the  eye  then  lies  something  over  1  mm. 
nearer  to  the  cornea. 

Principal  and  Nodal  Points. — When  the  eye  is  accommodated  all  the 
values  of  the  crystalline  and  of  the  eye  become  changed;  in  particular  the 
interval  between  the  principal  and  nodal  points  becomes  lessened;  the  prin- 
cipal points  recede  from  the  cornea  while  the  nodal  points  advance,  but  the 
differences  are  so  small  that  they  may  be  ignored. 

Changes  for  the  Amp.  of  Ac. — When  the  Amp.  of  Ac.  is  expressed  by 
P  -  R  in  diopters,  the  value  is  represented  by  the  power  of  a  lens  in  air.  The 
dioptric  change  which  takes  place  in  the  eye — that  is  the  value  of  P  -  R 
represented  by  an  auxiliary  lens  placed  at  the  principal  point— is — 

P-R 
Amp.  Ac.= . 


The  Combined  Dioptric  System  of  an  Eye  and  Lens. 

Let  the  lens  be  placed  in  front  of  the  principal  plane  of  the  schematic  eye 
No.  2.  P  is  the  principal  and  N  the  nodal  point,  F\  is  the  anterior  and  F'g 
the  posterior  focal  length  of  the  eye,  and  F  is  the  focal  length  of  the  lens;  d  is 
the  distance  of  the  lens  from  P. 

Fj  is  the  anterior  and  F^  is  the  posterior  focal  length  of  the  combined 
system ;  E^  is  the  anterior  and  Eg  the  posterior  equivalent  points  from  which 
Fj  and  Fg  are  respectively  measured. 
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The  formulae  on  which  the  calculations  are  based  are  as  follows.     Let  Q 
represent  the  quantity  F+F'j  -  d.     Then — 


E.,=- 


FV 
Q 


Fr 


FF'i 


Fo 


FF'2 


The  distance  EiNi=E2N2=F2  -  Fj  and  since  Fa^/iF^  we  have  by  substitu- 


tion- 


EiNi=E2N2=/.Fi  -  Fi=.Fi(/.  -  l)=Fi/3 


When  the  lens  is  placed  in  the  anterior  focal  plane  of  the  eye  <i==F\  so  that 
F-f  F'i-^Z=F  and  we  can  replace  Q  in  the  above  formula  by  F. 
Then  (Fig.  150)— 

FrZ 


Ei^n_,  =(?=l6-75  mm.  backwards  from  L 

WA    375 

outwards  from  P 


^2=    J, 


F 

F'2(Z_375 
"  ~  F 


and- 


FF'i 


Fi=-=^=F'i=l6-75  mm.  from  E^ 

FF' 

F2=^=F'2=22-25  mm.  from  Eg 

^=(I-(Ei+E2)=-E2 


it  will  be  seen  that  when  the  lens  is  placed  in  the  anterior  focal  plane,  h\ 
and  F2  and  E^  are  the  same  as  if  there  were  no  lens  and  E2=375/F  approx. — 


NiFi=F2=22-25 


N2F2--Fi=l6-75 


If  the  added  lens  were  concave  the  calculations  would  result  in  precisely 
similar  figures  as  the  above  except  that  Eg  is  negative  so  that  it  is  measured 
backwards. 

Thus  if  the  lens  L  (Fig.  150)  be,  say,  +2-75  D.  so  that  F=375  mm.  approx., 
wo  Ijave  Eg^l  mm.  out  from  Pg  and  since  E^  coincides  with  1^  the  two  equi- 
valent points  are  crossed  approximately  1  mm.     The  distance  1  mm.  which 
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F2  lies  in  front  of  F'g  is  equal  to  the  shortening  of  the  globe  when  the  eye  is 
H.  to  that  extent  which  is  corrected  by  a  2-75  D.  lens  placed  in  the  anterior 
focal  plane.  In  this  case  the  size  of  the  retinal  image  is  not  changed  by  the 
lens  since  the  focal  distances  and  the  distances  N^F^  and  NoF,  are  unaltered, 
the  only  change  that  does  occur  being  the  shifting  of  E.,  forward  by  the  Cx. 
lens  (or  backwards  by  a  Cc.  of-  2-75  D.  in  M.)  so  that  Fo  is  at  the  retina,  N, 
being  shifted  to  the  same  extent. 

When  the  lens  is  not  at  F'^ — that  is  16-75  mm.  from  P— all  the  optical 
values  and  the  positions  of  the  cardinal  points  are  changed. 

From  the  formula — 

_      ¥F', 

it  will  be  seen  that  if  F  (that  of  the  lens)  is  positive,  the  greater  the  value  of  d 
the  longer  is  the  focal  length  of  the  combination  of  lens  and  eye,  so  that  when 
a  Cx .  is  beyond  F'^  the  total  power  is  less  than  that  of  the  eye  by  itself.  There- 
fore, if  such  a  lens  corrects  a  given  case  of  H.  it  does  so,  not  by  increasing,  but 
by  actually  reducing  the  combined  power.  Again  if  the  error  be  corrected 
by  a  lens  at  F'^  and  then  moved  farther  out,  it  over-corrects  the  error  by 
lessening  the  combined  power.  This  results  because  E2  is  advanced.  At  the 
same  time  N,  is  also  advanced  so  that  the  retinal  image  becomes  larger 
although  blurred.  The  distance  EgNg  is  increased,  since  Eg  advances  more 
rapidly  than  does  Ng. 

When  a  Cx.  lens  is  within  ¥\  the  total  power  is  increased  beyond  that  of 
the  eye  by  itself.  If  in  this  position  it  is  a  correcting  lens  it  acts  by  increase 
of  power.  Again  should  a  Cx.  lens  at  F\  correcting  a  certain  case  of  H.,  be 
brought  nearer  to  the  eye  it  under- corrects  the  error  although  increasing  the 
combined  power..  This  results  from  the  recession  of  Eo.  The  image  becomes 
smaller  because  N^  is  also  receded,  but  since  Eg  recedes  more  rapidly  than  Ng 
the  distance  EgNg  is  lessened. 

With  a  Cc.  lens  the  greater  the  value  of  d  the  shorter  is  the  combined  focal 
length,  so  that  when  a  Cc.  lens  is  beyond  F'^  the  total  power  of  eye  and  lens  is 
greater  than  that  of  the  eye  alone.  Consequently,  if  a  Cc.  lens  is  a  correction 
in  such  a  position  it  corrects,  not  by  reducing  but  by  increasing  the  power  of 
the  combination.  If  the  lens  corrects  at  F';^  and  is  advanced  it  fails  to  correct 
although  E2  recedes.  N,  also  recedes  so  that  the  image  becomes  smaller. 
E2N2  becomes  shorter  because  Eo  recedes  more  rapidly  than  'M^. 

When  a  Cc.  is  nearer  to  the  eye  than  F'^  the  total  power  is  decreased.  If 
effective  as  a  corrector  in  this  position  it  is  because  the  combined  power  is 
lessened.  If  the  lens  corrects  at  F'^  and  is  moved  nearer  to  the  eye,  it  over- 
corrects,  by  a  reduction  of  power,  although  there  is  advancement  of  E2. 
N2  also  advances,  thus  producing  a  larger  image,  and  E.^N,  is  lengthened 
because  E2  advances  more  rapidly  than  N,. 

The  foregoing  is  illustrated  in  the  following    examples,  which  can  be 
compared  with  the  figures  obtaining  when  a  10  D.  lens  is  placed  at  F\. 
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Ex 

Ea 

El 

E. 

Eo-Eo 

E,No 

+  10  at  16-75  mm. 

16-75 

+  3-73 

16-75 

22-25 

18-52 

5"'-5" 

+  10  at  20-5  mm. 

21-3 

+4-74 

17-4 

23-12 

18-38 

5-72 

+  10  at  13-  mm. 

12-53 

+2-79 

16-14 

21-44 

18-65 

5-3 

-10  at  16-75  mm. 

16-75 

-3-73 

16-75 

22-25 

25-98 

5-5 

- 10  at  20-5  mm. 

19-88 

-4-45 

16-14 

21-44 

25-89 

5-3 

-10  at  13-  mm. 

13-5 

-3 

17-4 

23-12 

26-12 

5-72 

All  these  figures  are  slightly  approximate  because  F^  and  F'o  are  given 
the  round  values  of  16-75  and  22-25  mm.  respectively. 

Thus  with  a  Cx.  lens  in  front  of  the  eye  D^  and  Dp  are  weaker  as  d  is  greater 
and  the  image  is  larger  although  the  efEectivity  of  the  lens  is  increased.  With 
a  Cc.  D^  and  Dp  are  stronger  as  d  is  greater  and  the  image  is  smaller  although 
the  effectivity  of  the  lens  is  decreased.     The  reverse  occurs  as  d  is  smaller. 

The  change  in  the  position  of  the  posterior  focus,  with  respect  to  the 
retina,  as  a  lens  is  moved  from  one  position  to  another,  in  front  of  the  eye, 
is  represented  by  Fo  -  E2  of  the  new  position  compared  with  that  of  the 
original.  Thus  if  the  +10  D.  be  moved  from  16-75  to  20-5  mm.  the  image 
is  moved  18-52 -18-38=-l4  mm.  forward.  Comparing  the  -10  D.  at  20-5 
and  16-75  mm.  we  find  the  image  advanced  -09  mm.  The  distance  F.^  -  Eo  is 
the  distance  of  the  posterior  focus  from  Po  of  the  unaided  eye. 

It  is  very  necessary  to  differentiate  between  the  effectivity  of  a  lens  and  its 
true  power  in  combination  with  the  dioptric  system  of  the  eye  itself,  also  to 
remember  that  if  the  image  becomes  smaller  or  larger  it  is  because  the  com- 
bined power  of  eye  and  leils  becomes  respectively  greater  or  less  as  the  lens  is 
moved. 

When  an  optical  error  is  refractive  instead  of  axial,  F^  is  nearer  to  the 
eye  in  M.  and  farther  away  in  H. ;  so  that  the  ^possibility  of  the  lens  being 
beyond  F^  in  M.  and  within  it  in  H.,  is  more  pronounced.  Tlius  in  both  cases 
the  combination  of  eye  and  lens  is  likely  to  be  stronger  than  the  eye  alone. 

In  astigmatism  F^  for  the  one  principal  meridian  must  differ  from  that  of 
the  other,  so  that  although  the  image  can  be  made  retinal  in  all  meridians, 
it  cannot,  in  theory,  be  geometrically  true ;  the  image  of,  say,  a  circle  cannot 
be  a  true  circle.  It  need  hardly  be  said  that  the  differences  in  low  errors  are 
quite  inappreciable,  but  these  are  a  source  of  trouble  in  high  anisometropia 
and  astigmatism. 

Since  the  distance  EgNo^Fj/S  as  shown  previously,  it  is  clear  that  tJiis 
is  greater  as  F^  is  longer.  Moreover  with  both  Cx.  or  Cc.  lenses  advanced 
or  retired  N2  does  not  move  so  rapidly  as  E.2. 

If  rf=F  so  that  the  distance  of  the  lens  is  equal  to  its  focal  length ,  we 

^"""^  J.  22-26 

^'=i6T5  E,=j5:^F=1.33F{approx.) 

22-95 
Fi=F  Fo=^^^F=l-33  F  (approx.) 

If  rf=F+F'i  the  combination  is  afocal  for  parallel  light. 
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Near  Vision, — When  tlie  eye  is  accommodated,  its  power  is  increased,  and 
F\  becomes  shorter.  Consequently,  if  a  lens  corrects  a  refractive  error  at  ¥\ 
when  the  eye  is  adjusted  for  oo,  the  lens  is  beyond  F'j  in  near  vision.  There- 
fore, with  a  Cx.  lens  the  combination  is  weaker  than  the  sum  of  the 
combination  of  the  static  eye  and  lens,  and  the  nominal  Ac.  exerted.  With 
a  Cc.  lens  there  is  an  increased  total.  In  consequence,  the  amount  of  Ac. 
required  for  a  given  near  object  is  higher  in  H.  and  lower  in  M.  when  the 
defect  is  corrected  by  a  lens  in  the  anterior  focal  plane. 

Summary  of  Results. — The  more  distant  a  Cx.  lens  is  from  the  eye  the 
greater  is  its  effect,  but  the  weaker  is  the  combination  of  eye  and  lens.  A 
higher  degree  of  H.  can  be  corrected,  or  in  near  vision  artificial  accommodation 
may  be  obtained,  by  removal  of  a  Cx.  lens  outwards  towards  the  object. 
The  increased  action  results  entirely  from  the  outward  removal  of  E2  which 
more  than  counteracts  the  reduction  of  power  or  lengthening  of  Fg. 

The  more  distant  a  Cc.  lens  the  less  is  its  effect  on  the  eye,  and  the  stronger 
is  the  combination  of  eye  and  lens.  Only  a  lessened  amount  of  M.  can  be 
corrected,  and  in  near  vision  artificial  accommodation  can  be  obtained,  by 
the  removal  of  a  Cc.  lens  outwards  towards  the  object.  The  lessened  action 
results  from  the  increase  in  power  or  shortening  of  F2,  although  this  shorten- 
ing is,  to  a  great  extent,  counteracted  by  the  recession  of  £3. 

Both  Cx.  and  Cc.  lenses  in  the  anterior  focal  plane  of  the  eye  have  no 
effect  on  the  actual  refraction  of  the  latter,  and  therefore  none  also  on  the 
retinal  image.  In  near  vision  the  same  occurs  when  the  lens  is  so  far  out 
from  the  eye  as  to  be  in  contact  with  the  object  viewed. 

If  a  lens  is  nearer  than  F'j^,  the  conditions,  above  described,  are  reversed. 

Further,  and  this  is  the  essential  point  to  be  noticed,  H.  is  rarely 
corrected  by  a  Cx.  lens  forming  with  the  eye  a  more  powerful  combination, 
but  by  leaving  it  unchanged,  or  by  creating  a  weaker  one.  On  the  other 
hand,  M.  is  rarely  corrected  by  a  Cc.  lens  forming  with  the  eye  a  less 
powerful  combination ;  it  is  corrected  by  leaving  the  combination  unchanged 
in  power,  or  by  creating  a  stronger  system. 

Again,  when  Cx.  lenses  are  added  for  reading,  the  power  of  the  jjositive 
combination  formed  with  the  eye  is  not  increased  at  all ;  if  it  is  not  actually 
weakened  it  is  left  unaltered.  The  effects  obtained  in  optometry  from  the 
application  of  lenses  are  due  to  changes  in  the  position  of  the  refracting  plane, 
and  but  rarely  to  changes  in  the  refracting  power. 

These  are,  indeed,  just  the  reverse  of  the  ordinary  teaching  and  consider- 
ation of  the  subject,  but  although  of  considerable  theoretical  interest,  they 
should  not  cause  in  practice  H.  and  M.  to  be  regarded  other  than  as 
conditions  which  require  respectively  augmentation  and  diminution  of  ocular 
refracting  power.  Nor  should  the  lenses  added  in  presbyopia  be  considered 
to  be  other  than  as  a  replacement  of  the  extra  positive  power  derived 
from  the  use  of  accommodation  were  the  exertion  of  that  function 
possible. 
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Ratio  of  the  Sizes  of  Retinal  Image  and  Object  in  Conjunction 
with  a  Lens. 

To  determine  the  relation  between  tlie  size  of  the  retinal  image  and  that 
of  the  object,  when  a  lens  is  interposed,  is  rather  more  complicated  than  with 
the  eye  alone.  We  have  to  determine  the  relation  between  the  object  and 
the  lens  image  and  then  that  ))etween  the  lens  image  and  the  retinal  image. 
In  this  article  F^  and  F^  are  the  anterior  and  posterior  foci  of  the  eye. 


d 
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R 

■"  -  ~  ^ 

^^^-^K 
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B^""^"^^^^^? 
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■X 

J. 
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Fig.  151. 


Fig.  151,  which  is  very  diagrammatic,  is  intended  to  illustrate  the  course 
of  light  from  an  object  ^5  placed  within  JF'  of  a  convex  lens  L  to  the  retinal 
image  Va! .  We  have  first  to  construct  the  virtual  image  ab  formed  by  the 
lens  alone,  and  this  is  done  by  drawing  (1)  a  ray  AM  diverging  apparently 


Fig.  152. 


from  the  focus  F  ;  this,  after  refraction,  proceeds  parallel  to  the  axis  to- 
wards the  refracting  plane  P  of  the  eye  and  is  refracted  at  R  to  pass  through 
the  ])osterior  principal  focus  V ^.  (2)  A  ray  AQ  refracted  by  the  lens  to  pass 
througlii^j  proceeds,  after  refraction  at  Q,  parallel  to  the  principal  axis  and 
meets  the  ray  -Ri'g somewhere  in  a! .  (3)  A  ray  AL  directed  towards  the  optical 
centre  of  L  would  be  transmitted  to  meet  the  ray  B^F^  also  in  a! .  The  point 
a  from  which  these  rays  appear  to  diverge  is  the  image  of  A  and  similarly  h  is 
the  image  of  B  such  that  ah  is  the  complete  virtual  image  of  AB  due  to  the 
lens  L.  In  turn  h'a'  is  the  complete  image  of  ^5  after  indirect  formation  by 
the  lens  L.  This  construction  also  serves  for  a  concave  lens,  the  only  differ- 
ence being  that  the  image  ah  is  diminished  instead  of  magnified. 

Fig.  152,  also  diagrammatic,  illustrates  the  formation  of  the  image  when 
AB  is  beyond  F.  The  construction  is  obvious  and  needs  no  special  descrip- 
tion. 
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In  Figs.  151  and  152,  let  0  be  the  size  of  the  object,  I  the  size  of  the  image 
ab  and  I'  that  of  the  retinal  image  b'a'.  Then  the  ratio  of  b'a'  to  AB,  i.e.  the 
maqnification,  is — ■ 

r 

Let  t  be  the  distance  BL,  x  be  the  distance  BFj  and  ?/  be  that  of  LFj, 
and  hh=l\     Then  from  similar  triangles,  aFj?>and  PF,Q,  we  have — 

I'     PQ     PFj      Fi 


I       I       6Fi     k+y     " 
1      bh     k 
^"'^  0^BL=7 

Therefore  the  magnification  of  the  retinal  image  is- 

r        yfcF, 


(1) 


0     t{k^i/) 
But  from  ordinary  conjugate  foci — 

1_1     1        1_1     1 
F~t~k^^  'k~t~¥ 

whence  multiplying  by  t  we  get — 
and  the  magnification  from  (2)  is — 

r_        FFi 

0~(^-+y)(F-a,'+:y) 
^,  ,       t¥       ¥{x-y) 

¥~t    ¥-x+y 

On  substitution  of  this  in  (3)  we  have — 

r       FF, 


(2) 


(3) 


0     F.T  -  xy^y 

The  last  expression  gives  the  required  ratio  between  the  sizes  of  retinal 
image  and  object  in  terms  of  x  the  distance  of  object  and  y  that  of  the  lens 
from  the  anterior  focal  point  and  of  Fj  the  focus  of  eye  and  F  that  of  the  lens. 
This  formula  is  valuable  and  if  examined  will  present  some  curious  points 
connected  with  the  movement  of  lenses  in  front  of  the  eye. 

Firstly  let  y=0,  i.e.  let  the  lens  be  placed  at  the  anterior  focal  point  of  the 
eye.     Then — 

FF,     F, 

Fu;       X 
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Now  the  ratio  ¥^/x  is  independent  of  the  lens  and  therefore,  whatever  the 
jiower  of  the  latter,  it  can  have  no  effect  on  the  size,  but  only  on  the  ])osition, 
of  the  image  h'a' .  In  other  words  we  have  demonstrated  mathematically  the 
general  rule  given  previously  that  the  size  of  the  retinal  image  is  not  affected 
by  any  lens  that  may  be  placed  at  the  anterior  focal  point. 

Suppose  x-=y  ;  again  we  have — 

X 

That  is,  if  x=y,  the  lens  touches  the  object  and  therefore  can  have  no 
influence  whatever  on  the  retinal  image.  There  are,  therefore,  two  positions 
of  the  lens  in  which  the  retinal  image  is  independent  of  it — in  the  anterior 
focal  plane  and  in  the  plane  of  the  object. 


/l?>^- 


A 


Fig.  153. 
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Fig.  154. 

The  most  curious  fact,  however,  comes  to  light  at  a  stage  intermediate 
between  these  extremes.  Taking  the  denominator  of  the  formula  we  notice 
that  at  first,  as  y  increases,  ¥x  —  xy^y^  decreases  and  therefore  the  magnifica- 
tion increases,  but  beyond  a  certain  point  the  denominator  starts  to  increase 
again  and  therefore  the  magnification  diminishes.  The  minimum  value  of  the 
denominator  occurs  when?/=a;/2  and  therefore  here  also  occurs  the  maximum 
magnification.  If  F  be  negative  we  find  the  reverse  condition — magnification 
is  a  minimum  when  y=^x/2. 

We  have,  therefore,  the  rule  that  the  retinal  image  is  of  maximum  size  when 
a  Cx.  lens  is  midway  between  the  object  and  anterior  focus  of  the  eye  ;  it  is  a 
minimum,  ivhen  a  concave  lens  is  similarly  j^l^ced. 

The  magnification  due  to  a  Cx.  lens  and  the  diminution  due  to  a  Cc.  are, 
for  the  virtual  image,  shown  graphically  in  Figs.  153  and  154. 

Let  a  be  the  angle  ^iVjB subtended  by  an  object  AB  at  the  nodal  point  N 
and  let  b  be  the  angle  A'NB'  subtended  by  the  virtual  inuige  A'B'  of  the  object 
yl B  when  a  lens  L  is  interposed.     TJien  the  magnification  due  to  the  lens  is  b/a. 

Let  (Z^  be  the  distance  of  the  object  from  N,  let  d.^  be  that  of  the  image 
from  N,  and  let  d  be  NL,  that  of  the  lens  from  the  nodal  point.  But,  assum- 
ing the  angles  a  and  b  to  be  small,  they  can  be  replaced  by  their  tangents,  so 
that — 

1/d^J.d^ 

''0/d^     OdTg 


M= 
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Now  from  the  ordinary  formulae — 

treating/o  as  a  positive  quantity. 

Let  d^—d-Jrf-^^,  d^=d-\-fo  so  that  ^2=^1  ~/i+/?- 
Therefore  ^ ,       „ »  ,       »  , 

04     0/1^2    /i^a 
Substituting  for/,  and  f/^  we  get 

'^  wA 


M= 


'./7    .,    '^f^\   ^'^^-Wi-fA+A^+Wi  /i(^i-^t)+F./| 


Since /i=^i  -  d  the  above  can  be  written 

¥d^ 


IVL 


'd{d-d^)-\-iA 

which  expresses  the  magnification  in  terms  of  d  the  distance  of  the  lens  and  d^ 
the  distance  of  the  object  from  the  nodal  point  and  F  of  the  lens  employed. 

Retinal  Disc  oJ  Confusion. 

Circular  Disc— In  Em.  the  retinal  image  of  a  point  is  a  point;  in  Am. 
it  is  a  disc  of  confusion  of  definite  size  determined  by  the  following  formula, 
which  holds  good  for  both  M.  and  absolute  H.  Ordinarily  it  is  circular, 
because,  the  pupil  itself  being  circular,  a  section  of  a  cone  of  light  from  a  point 
corresponds  to  it  in  shape. 

Let  h  be  the  increase,  or  decrease,  of  length  of  globe  from  which  the  Am. 
arises;  it  is  also  the  distance  of  the  retina  from  Fo,  the  posterior  focus  of  the 
eye,  and  of  the  confusion  disc  B  from  the  focal  point.  The  size  of  the  confusion 
disc  is  greater  as  the  Am.  is  greater  and  vice  versa;  also  it  varies  directly  with 
the  size  p  of  the  pupil.     Its  size  is  found  from — 

f; 

We  can  give  a  value  to  p  of  .3-7  mm.,  whicli  is  a  fair  average  size  of  the 
pupil;  also  F^=22-2rj  mm.  and  6=-375  D.,  where  D  is  the  optical  error 
represented  by  the  power  of  the  lens,  placed  at  F^  of  the  eye,  which  would 
correct  it.  Substituting  the  known  values  we  have,  for  the  diameter  of  the 
confusion  disc—  orr^^o^K 

The  linear  dimension  of  the  confusion  disc  is  -06  mm.  for  1  D.  of  error. 
Thus  in  M.  3  D.,  or  absolute  H.  3  D.,  the  confusion  disc  is  -06x3  or  -18  mm. 
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If  we  take  a  retinal  cone  to  measure  -0025  mm.  we  liave  for  n,  the  number 
of  cones  covered  linearly : — 

M=24  for  1  D.  of  error. 

and  the  whole  disc,  whose  radius  is  12  cones,  superficially  covers — 

22 
7rr^=-~  X  12^=450  approx. 

Roughly  the  number  of  cones  covered  linearly  is  24  D  and  superficially 
450  D2,  where  D  numerically  represents  the  diopters  of  ametropia. 

The  relation  of  the  size  of  B,  the  ocular  confusion  disc,  to  p,  the  size 
of  the  lens  aperture,  determines  the  jDoint  in  the  disc  through  which  any  ray 
passes  after  refraction. 

Let  g  be  the  distance,  from  the  optic  axis  of  the  eye,  of  the  ray  before 
refraction,  and  let  h  be  its  distance  from  the  centre  of  the  confusion  disc; 
then  'h=^gxB/iJ. 
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Fig.  155. 

Astigmatic  Disc. — If  the  refraction  of  the  eye  is  astigmatic,  let  F'  and  F" 
be  the  tAvo  focal  lines  and  'p  the  pupil;  then  E  the  disc  of  confusion  at  any 
distance  c  from  the  refracting  plane,  is  an  ellipse  whose  axes  are  m-^^  and 
r/j«o;  let  m.  and  n  bo  the  lengths  of  these, axes;  then — 

^(F'~c)  7X5"'~c) 

If  m.  and  n  be  known,  E  can  be  constructed ;  any  point  x  on  its  periphery 
(Fig.  155)  is  distant  xy  from  n.n.^,  and  ~j~  =  ~. 

1x2  "       ^y   '^ 

x'y=l;  then  xy=^~ — =-66 


Thus  let  n=S,  m=  2  and 


A  ray  of  light  incident  on  the  principal  plane  of  the  eye,  at  a  certain 
distance  from  the  axes  of  the  two  principal  meridians,  passes  through  the 
elliptic  confusion  disc  at  distances,  from  its  two  axes,  which  are  in  the  ratio 
n/p  and  m/j).  Let  g  be  the  distance  of  the  ray  from  the  axis  of  the  eye, 
corresponding  to  niyrn^,  and  g'  that  from  the  axis,  corresponding  to  ^^j??,' 
let  h  be  its  distance  in  the  confusion  disc  from  jn^Wg  and  h'  its  distance  from 
n^rio.     Then — 

k=gX'}i/p  and  h'=g'xm/]t. 


CHAPTER  XXIII 
FRAMES  AND  LENSES 

Frame  Fitting. 

Fkame  fitting  is  an  important  part  of  the  optician's  work,  for  if  it  is  not 
properly  carried  out  the  lenses  fail  to  be  as  beneficial  as  they  should  be,  and 
besides  being  uncomfortable  or  unsightly,  they  may  even  have  undesirable 
optical  effects. 

A  correctly  adapted  frame  will  (a)  hold  the  lenses  in  the  position  required, 
(b)  be  comfortable,  (c)  have  a  good  appearance,  and  {d)  serve  for  a  reasonable 
time.  Comfort  results  not  only  from  absence  of  inconvenience  or  pain,  but 
also  from  the  satisfaction  derived  from  wearing  what  is  appropriate  and 
secure;  even  a  pince-nez  should  maintain  its  position  in  all  ordinary  circum- 
stances. 

Frame  fitting  involves  consideration  of  (a)  the  age  and  needs  of  the 
wearer,  (b)  the  cosmetic  effect  and  (c)  the  chief  use  to  which  the  lenses  are 
to  be  applied. 

Asymmetry. — Eyes  symmetrically  placed  are  equidistant  from  the  centre 
of  the  nose,  and  the  distance  between  the  inner  canthi  is  approximately  equal 
to  either  palpebral  aperture. 

The  two  sides  of  a  face  are,  however,  never  exactly  alike;  the  eyes  are 
frequently  not  in  exact  alignment  and  it  is  said  that  this  occurs  in  two  out 
of  every  five  people.  The  nose  also  is  not  in  the  exact  centre  of  the  face, 
but  is  usually  nearer  to  the  left  eye — that  is,  the  right  eye  is  farther  from 
the  right  side  of  the  nose  than  is  the  left  eye  from  the  left  side.  As  a  rule, 
the  two  sides  of  the  nose  have  not  the  same  slope,  antl  the  one  ear  is  often 
higher  than  the  other,  the  right  being  generally  the  more  elevated.  Some- 
times the  one  eye  protrudes  beyond  the  other.  These  peculiarities  are  more 
marked  when  the  two  eyes  of  a  person  are  of  slightly  different  sizes  and  especi- 
ally when  there  is  antimetropia. 

Slight  differences  in  the  height  of  the  eyes,  and  their  distances  from  the 
centre  of  the  nose,  may  be  ignored  to  a  great  extent,  especially  with  lenses 
of  low  power,  but  it  is  better  to  consider  rather  the  location  of  the  stronger 
of  two  different  lenses.  If  the  latter  are  equal  the  higher  eye,  or  the  one 
farther  away  from  the  nose,  or  the  more  projecting,  should  be  given  first 
consideration. 

397 


398  VISUAL  OPTICS  AND  SIGHT  TESTING 

Effects  due  to  the  Lenses. — ^If  lenses  are  too  far  away  from  the  eyes, 
their  effectivity  is  changed,  and  the  retinal  image  not  of  the  ideal  size.  If 
glasses  for  close  work*  are  not  angled  downwards,  the  lines  of  vision  are 
oblique  to  the  axes  of  the  lenses  when  the  eyes  are  lowered  for  reading,  so  that 
the  vertical  effect  of  the  lenses  is  increased,  thus  causing  a  Ver.  or  Hor.  cyl. 
effect.  When  reading,  also,  owing  to  convergence,  the  lenses  are  always 
slightly  oblique  in  the  horizontal  plane,  the  remedy  of  inclining  the  lenses 
outwards  at  the  temporal  ends  not  being  generally  adopted. 

Effects  due  to  Rotation  of  the  Eyes. — The  optical  axes  of  lenses  should 
coincide  with  the  visual  axes  in  their  primary  j)osition,  but  when  rotation  to 
a  secondary  position  occurs  there  is  introduced  a  prismatic  effect,  due  to 
decentration,  and  a  cylindrical  effect,  due  to  obliquity  of  the  lenses  to  the 
visual  lines.  The  prismatic  effect  increases  with  the  distance  of  the  lenses 
from  the  eyes,  so  this  distance  should  be  as  small  as  possible.  Both  effects 
are  greater  as  the  lenses  are  stronger,  and  the  deviation  of  the  visual  lines 
larger. 

It  is  true  that  this  decentring  is  "  harmonious  "  if  the  lenses  are  of  equal 
power,  since  they  act  with  similar  prismatic  effect,  up  or  down,  as  the  two 
eyes  are  rotated  in  a  vertical  plane;  or  as  the  eyes  are  rotated  to  the  right  or 
left,  the  one  acts  as  a  prism  base  in,  and  the  other  as  a  prism  base  out.  This 
is  not,  however,  the  case  if  the  lenses  are  of  unequal  or  dissimilar  powers, 
nor  is  it  the  case  when  convergence  occurs.  Cx.  lenses  cause  increased,  and 
Cc.  lenses  decreased,  convergence  on  rotation  of  the  visual  lines  inwards 
from  the  axes  of  the  lenses.  Calculations  on  these  points  are  shown  in  the 
chapter  on  Optometry. 

General  Consideration. — It  is  impossible  to  fulfil  perfectly  every  requisite 
as  to  the  position  of  the  glasses,  for  various  positions  of  the  eyes.  If  the 
lenses  are  perpendicular  to  the  lines  of  vision  when  looking  straight  forward, 
they  must  be  oblique  to  it  dming  reading.  If  they  be  exactly  centred  for 
distance,  they  must  be  decentred  outwards  for  close  work.  Frame  fitting 
must  be  a  matter  of  compromise,  the  position  in  which  the  glasses  are 
mostly  used  being  chiefly  regarded. 

The  eyes  are  more  often  regarding  near  than  distant  objects,  and  they 
are  more  frequently  observing  objects  situated  below  their  level  than  those 
above,  or  even  on  a  line  with  them;  they  are  directed  downwards  when 
walking  or  driving,  reading,  writing  or  during  almost  any  near  work  involv- 
ing the  hands.  The  eyes  are,  also,  more  frequently  converged  than  not, 
especially  in  city  life;  the  feet  and  hands  are  well  within  the  convergence 
region,  as  is  the  tool,  the  book,  the  pen,  the  music,  or  the  whatnot  of  one's 
daily  occupation.  Even  distance  glasses  (others  being  specially  provided  for 
reading)  are  used  not  only  for  vision  of  objects  beyond  6  m.,  and  on  a  level 
with  the  eyes,  but  also,  and  more  generally,  for  those  that  are  nearer  and 
lower.  Therefore  lenses  exactly  centred  vertically,  for  the  primary  position 
of  the  visual  lines,  may  be  troublesome  to  the  wearer  since,  apart  from  the 
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optical  effects,  on  looking  downwards  without  lowering  the  head,  he  is  apt  to 
encounter  the  lower  eye-wires. 

With  the  frame  needed  for  constant  use  the  horizontal  adjustment  is  as 
for  distance  rather  than  for  close  work  because,  when  the  eyes  are  converged 
for  near  vision,  there  is  a  slight  prismatic  effect  base  out  with  Cx.  and  base 
in  with  Cc.  lenses.  This  is  usually  more  desirable  than  the  op2:)osite  con- 
dition, but  may  be  contra-indicated  by  the  muscular  condition  present. 

When  looking  downwards,  Cx.  lenses  set  well  down  act  as  prisms  base 
down  and  so  relieve  the  inferior  recti.  Cc.  lenses  have  a  reverse  effect  and 
should  not  be  lowered  to  so  great  an  extent.  In  all  frame  adjustments  it  is 
desirable  to  avoid  throwing  strain  on  inefficient  horizontal  muscles,  and  still 
more  on  vertical.  Also  with  respect  to  the  vertical  centring,  it  is  better  to 
have  both  lenses  acting  as  prisms  base  up  or  base  down  than  the  one  up  and 
the  other  down;  this  should  be  looked  for  in  anisometropia  and  unequal 
height  of  the  two  eyes.  In  this  chapter  it  is  taken  that  the  visual  axes 
coincide  with  the  centres  of  the  pupils. 

Since  it  is  impossible  to  have  a  frame  most  suitable  for  all  positions  of  the 
eyes  we  can  only  compromise,  and  selecting  the  best  average  position,  adjust 
the  frame  for  this.  Then  as  the  eyes  make  excursions  away  from  the  average 
position  there  is  no  excessive  strain  thrown  on  the  muscles. 

Lenses  may  be  required  for  (a)  distance  only,  (6)  constant  use,  or  (c)  near 
work  only.  There  are  four  conditions  to  consider,  viz.  (1)  Inter^^upillary 
distance,  (2)  Height,  (3)  Projection,  (4)  Angle. 

A  spectacle  frame  for  distance  only  should  have  a  W  bridge  and  curl 
sides,  which  keep  the  lenses  in  a  fixed  position  in  front  of  the  eyes. 

(1)  The  optical  centres  of  the  lenses  must  be  opposite  to  the  centres  of  the 
pupils  when  the  eyes  are  directed  to  a  distant  point;  this  governs  the  P.  D. 

(2)  The  point  observed  should  be  on  the  ground  about  12  m.  distant  or 
half-way  to  the  ground  at  6  m. ;  this  governs  the  height. 

(3)  The  lenses  must  be  perpendicular  to  the  lines  of  vision,  that  is,  practi- 
cally parallel  to  the  plane  of  the  irides;  this  governs  the  angle. 

(4)  The  lenses  must  be  as  near  to  the  eyes  as  the  lashes  permit;  this 
governs  projection. 

A  frame  for  constant  use  should  have  Nos.  1,  3,  and  4  the  same  as  for 
distance;  No.  2  should  be  a  little  less,  say,  1-5  mm.;  i.e.  the  centres  of  the 
lenses  should  be  in  line  with  the  bottoms  of  ordinary  sized  pupils  when  the 
eyes  are  directed  as  above.     Constant  use  includes,  of  course,  all  close  work. 

A  frame  for  close  work  only,  as  required  in  presbyopia,  should  have  a 
C  bridge  and  straight  sides,  which  allow  of  the  lenses  being  moved  to  and  fro 
in  front  of  the  eyes. 

(1)  The  lenses  must  be  centred  horizontally  when  the  eyes  are  directed 
towards  the  face  of  the  observer — that  is,  converged  for  about  the  reading 
distance. 

(2)  The  centres  must  be  vertically  adjusted  so  as  to  be  in  line  with  the 
bottom  of  the  irides  when  the  eyes  are  as  above  directed. 
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(3)  The  lenses  should  be  inclined  forwards  above,  about  10°  from  the 
plane  of  the  irides. 

(4)  The  Proj.  need  not  be  specially  considered,  3  mm.  being  generally- 
suitable. 

Many  opticians  prefer  the  W  bridge  and  the  curl  sides,  even  for  presbyopes. 
Certainly  straight  sides  have  their  disadvantages,  especially  if  the  metal  is  not 
well  tempered,  but  the  trouble  lies  mainly  in  the  manner,  employed  by  the 
wearer,  of  putting  the  frame  on  and  off.  Straight  sides  should  be  well  tem- 
pered— steel  or  sufficiently  solid  gold  are  the  best  metals — but  they  are  not 
very  well  adapted  for  rimless  glasses.  A  C  bridge  is  better  suited  for  difierent 
parts  of  the  nose  bridge  if  of  the  narrow  crest  or  wire  style. 

Compared  with  distance,  the  P.  D.  is  about  3  or  4  mm.  less,  and  the 
Ht.  about  3  or  4  mm.  greater  for  close  work  only. 

Taking  the  semi-interpupillary  distance  as  31  mm.,  the  distance  between 
the  centre  of  rotation  of  the  eye  and  the  lens  as  28  mm.  and  the  distance  of 
reading  as  40  cm.  we  obtain  the  rotation  of  each  eye  inwards  from — 

m      28 
31 ""428 

whence  ;/i=2  so  that  the  total  P.  D.  is  4  mm.  less  when  the  eyes  are  converged 
for  40  cm. 

Methods  of  Frame  Fitting. — Some  opticians  measure  the  face  for  the 
frame  and  this  is  the  most  accurate,  although  also  the  most  difficult  method ; 
face-measuring  apparatus  usually  proves  unsatisfactory,  and  a  rule  is 
commonly  employed  for  the  purpose.  Others  employ  a  set  of  numbered 
model  or  so-called  trial  frames,  and  the  measurements  of  the  one  that  suits 
are  those  of  the  frame  required;  but  in  some  cases  the  various  requisite 
dimensions  can  be  obtained  only  from  different  model  frames ;  this  is  an  easier 
method  than  the  first  mentioned.  Or,  again,  in  ordinary  cases  the  frame 
can  be  selected  from  stock,  and  this  fitted  with  the  lenses  needed;  this  is  the 
easiest  and  cheapest  method,  and  the  best  suited  to  the  everyday  work 
of  the  average  optician.  Although  the  second  or  third  method  might  be 
generally  employed,  the  optician  ought  to  be  able  to  take  directly  the  facial 
measurements. 

Spectacles. — -The  details  of  a  spectacle  frame  are : 

1.  P.  D.,  or  interpupillary  distance. 

2.  Ht.,  or  height  of  bridge. 

3.  Proj.,  or  projection  of  bridge. 

4.  Depth  of  bridge. 

5.  Spread,  or  width  of  bridge. 

6.  Facial  width. 

7.  Length  of  sides. 

8.  Angle  of  sides. 
*J.  Size  of  eye. 
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Of  the  above  only  Nos.  1,  2,  3,  5,  and  9  are  really  essential  for  a  W 
bridge  frame,  and  Nos.  1,  2  and  9  for  a  C  bridge.  The  others  are  usually 
proportional  to  those  mentioned,  and  need  be  given  only  in  exceptional  cases. 
Some  opticians  add  the  curve  of  the  bridge  to  the  details  given  when  ordering 
a  frame. 

Face  and  Frame  Measurements. 

Face  Measurements  with  the  "  Orthops  "  Rule.— In  the  interpretation 
of  the  following  notes  it  is  necessary  to  remember  that  right  and  left  of  the 
rule  are,  respectively,  to  the  right  and  left  of  the  optician ;  but  right  and  left 
of  the  face,  or  frame  measured,  are,  respectively,  to  the  optician's  opposite 
hand. 

There  are  two  horizontal  scales  on  the  rule;  the  lower  scale  has  its  zero 
at  the  right  side  of  the  projection,  and  is  used  chiefly  for  face  measure. 


Front 


Back 

Fig.  156. — The  "Orthops"  Rule. 

ments,  the  upper  scale  has  its  zero  to  the  left  of  the  projection,  and  serves 
mainly  for  frame  measurements.  There  are  also  two  vertical  scales,  the  one 
having  its  zero  at  the  end  of  the  projection,  and  the  other  in  the  middle, 
reading  thence  upwards  and  downwards. 

To  obtain  true  face  measurements  it  is  essential  that  the  observed  and 
the  observer's  eyes  be  on  the  same  level,  so  that  if  the  customer  is  seated,  it 
is  better  for  the  optician  to  be  so  also. 

P.  D.  for  Distance  and  Constant  Wear. — The  client  looks  straight  into  the 
optician's  left  eye,  the  rule,  resting  on  the  bridge  of  the  subject's  nose,  is  held 
horizontally  with  the  projection  pointing  downwards,  and  its  right  edge 
bisecting  the  right  pupil ;  then  the  client  is  directed  to  look  into  the  optician's 
right  eye  and  the  P.  D.  is  read,  on  the  lower  scale,  at  the  centre  of  the  left 
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pupil.  Or,  alternatively,  the  distance  on  the  lower  scale  to  the  centre  of 
the  nose  is  read,  and  this  doubled  gives  the  P.  D.  If  there  is  asymmetry  of 
the  face,  such  that  the  nose  is  nearer  the  one  eye,  the  distance  of  each  is  read 
separately  to  the  centre  of  the  nose,  in  the  manner  indicated.  We  can  call 
this  the  direct  method. 

Some  prefer  to  measure  from,  say,  the  left  edge  of  the  one  pupil  to  the 
left  of  the  other,  but  error  would  arise  if  the  one  pupil  were  smaller  than 
the  other,  or  if,  as  may  occur,  dilatation  or  contraction  took  place  during  the 
process  of  measurement. 

P.  D.  for  Near  Vision. — The  client  looks,  with  both  eyes,  at  the  centre 

of  the  optician's  face,  and  the  rule  is  placed,  and  the  reading  taken,  as  for 
distance.  This  second  measurement,  which  we  can  call  the  converged  method, 
serves  to  confirm  the  first,  if  it  be  some  4  mm.  less  and  the  two  should  always 
be  made.  The  converged  method  is  that  which  is  required  for  the  frame 
needed  in  presbyopia. 

Owing  to  parallax  the  novice  is  apt  to  take  the  reading,  especially  in  the 
direct  method,  too  narrow  by  some  3  or  4  mm.  This  should  be  avoided  and 
is  best  done  by  closing  his  right  eye,  when  locating  the  zero  point,  and  closing 
his  left  eye  when  reading  the  scale  for  the  P.  D. 

The  ordinary  adult  P.  D.  is  64  mm.  for  distance  and  about  3  or  4  mm. 
less  for  reading;  the  extremes,  for  brdinary  faces,  may  be  taken  as  57  to  69  mm. 
but  a  small  child  may  have  a  P.  D.  of,  say,  50  mm.  and  occasionally  a  very 
wide  one  is  met  with. 

The  P.  D.  of  a  Frame  is  the  distance  between  the  outer  extremity  of  the 
one  eye-wire  to  the  inner  extremity  of  the  other,  i.e.  one  entire  eye-wire  and 
the  space  between  the  two.  On  the  face  the  P.  D.  is  the  distance  between 
the  centres  of  the  pupils  when  the  eyes  are  directed  to  oo,  i.e.  in  their  primary 
position,  but  the  crest  of  the  nose  is  generally  not  exactly  midway  between 
the  two  eyes,  so  that  a  frame  is  slightly  decentred  in  for  the  one  and  out 
for  the  other  eye  when  its  P.  D.  is  the  same  as  that  of  the  face.  Usually 
the  decentration  is  so  small  that  the  ordinary  spectacle  serves,  but  if  the 
difEerence  be  very  marked,  as  it  is  in  some  cases,  and  the  lenses  strong,  a 
frame  specially  made,  or  at  least  specially  adapted,  is  required.  The  P.  D. 
of  a  saddle  bridge  can  be  made  greater  or  smaller,  respectively,  by  increas- 
ing or  decreasing  the  angle  of  the  spur.  Decrease  is  easier  than  increase 
and  therefore  if  a  frame  be  selected  which  is  centred  for  the  more  distant  eye, 
the  other  eye-wire  can  be  brought  nearer  the  centre.  The  bridge  is  not 
altered  by  this  manipulation. 

Height  of  Bridge.- — The  client  looking  forward,  the  rule  is  placed  hori- 
zontally, with  the  lower  edge  resting  on  the  bridge  of  the  nose,  and  the 
height  is  read  downwards  on  the  projection — to  the  centre  of  the  pupil, 
for  distance  only- — to  the  bottom  of  the  pupil,  for  constant  wear — to  the 
bottom  of  the  iris,  for  presbyopia.  For  unequal  heights  of  the  two  eyes, 
the  distance  is  read  for  each  separately  as  shown.     If  the  bridge  of  the  nose 
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is  below  the  central  line  the  rule  is  held  horizontally  with  its  lower  edge 
bisecting  the  pupils  or  otherwise  as  may  be  needed,  then  with  the  projection 
at  the  right  side  of  the  nose,  the  distance  is  read  downwards  on  it  to  a  point 
level  with  the  bridge  of  the  nose.  The  average  Ht.  is,  say,  3  to  6  mm.  for 
distance  and  6  to  9  mm.  for  presbyopic  use.  It  is  rarely  below  zero  in  Euro- 
peans, but  it  might  be  zero,  especially  for  children. 

The  Ht.  of  Bridge  of  a  frame  is  the  vertical  distance  between  the  horizontal 
line  bisecting  the  joints  and  the  middle  of  the  highest  part  of  the  bearing 
surface  or  crest  of  the  bridge.  On  the  face  the  Ht.  is  the  distance  between 
the  crest  of  the  nose,  where  the  bridge  lies,  and  the  plane  of  the  visual  lines 
when  the  frame  is  in  use. 

A  Crank  or  C  bridge  for  j^resbyopic  use  must  be  high  enough  to  allow  of 
looking  over  the  tops  of  the  glasses  at  distant  objects.  A  high  C  bridge  acts 
in  a  similar  manner  to  depth  in  a  saddle  or  W  bridge ;  it  prevents  rocking  by 
contact  with  the  sides  of  the  nose. 

Projection  of  Bridge. — The  optician  stands  to  the  left  of  the  client's 
head;  the  rule  is  held  horizontally,  with  the  lower  edge  resting  against  the 
bridge  of  the  nose,  and  with  the  projection  pointing  backwards  towards 
the  left  temple;  the  distance  is  read  on  the  projection  to  a  point  level  with 
the  tips  of  the  lashes.  If  the  bridge  of  the  nose  is  very  receding,  so  that  the 
spectacle  bridge  needs  to  be  inset,  the  rule  is  placed  with  the  end  of  the  pro- 
jection against  the  bridge  of  the  nose,  and  the  distance  is  read  on  the  projection 
outwards  to  a  point  level  with  the  tips  of  the  lashes.  The  procedure  is 
repeated  on  the  right  side — this  is  essential  owing  to  the  frequent  difierence 
between  the  two. 

The  average  Proj.  is  about  3  mm. ;  it  may  be  greater  or  less  and  occasion- 
ally is  negative,  or  backwards,  for  children  and  those  with  flat  noses,  or  very 
projecting  lashes.  C  bridges  are  usually  made  3  mm.  out,  but  the  projection 
here  is  of  little  importance  since  the  lenses  are  generally  employed  farther 
out  from  the  eyes,  at  about  25  mm. 

The  Proj.  of  Bridge  in  a  frame  is  the  distance  between  the  plane  of  the 
back  of  the  eye-wires  and  the  centre  of  the  bridge  crest.  On  the  face  the 
Proj.  is  the  distance,  outwards  or  inwards,  of  the  crest  of  the  nose  from 
the  tips  of  the  lashes.  If  the  nose  is  prominent,  the  lenses  require  setting 
in;  if  the  nose  is  flat,  or  the  lashes  long,  or  the  eyes  prominent,  the  lenses 
must  be  set  out  to  escape  contact  with  the  lashes.  In  all  cases  for  constant 
use,  the  lenses  must  be  as  near  to  the  eyes  as  possible,  the  ideal  position 
being  about  15  mm.  from  the  cornea,  in  the  anterior  focal  plane,  so  that  the 
retinal  image  may  be  as  in  Em. 

Depth  of  Bridge. — The  rule  is  held  with,  its  edge  at  right  angles  to  the 
bridge  of  nose,  so  that  the  projection  inclines  obliquely  backwards  at  the 
side.  The  end  of  the  projection  being  placed  at  the  point  where  the  shank 
should  reach,  the  depth  is  read  on  the  projection  to  the  bridge  of  the  nose. 
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The  Depth  of  Bridge  is  the  distance  from  the  crest  of  the  bridge  of  a  frame 
to  the  backmost  point.  The  usual  depth  is,  say,  7  mm.  but  it  varies,  although 
not  of  necessity,  with  Ht.  and  Proj .  To  prevent  rocking  a  W  bridge  needs  to 
have  a  sufficient  area  of  contact  with  the  sides  of  the  nose,  and  it  should, 
therefore,  project  well  behind  the  lenses  so  as  to  give  the  required  support, 
but  not  so  far  as  to  interfere  with  the  nasal  duct.  Regardless  of  Proj.  it  is 
advisable  to  have,  if  possible,  at  least  a  7  mm.  dopth.  The  depth  of  a  C 
bridge  is  the  same  as  its  Proj . 

Width  of  Bridge. — The  rule  is  held  horizontally  with  the  right  edge  of 
the  projection  pointing  downwards  at  the  right  side  of  the  nose,  and  the  dis- 
tance on  the  lower  scale  is  read  to  the  middle  of  the  nose — this  distance  being 
doubled  gives  the  width.  Or,  alternatively,  the  size  of  the  bridge  is  deter- 
mmed  by  one  of  the  standard  spreads  cut  in  the  rule. 

The  Spread  of  Bridge  is  the  distance  between  the  backmost  points  of  the 
bearing  surface  of  the  bridge,  which  is  in  contact  with  the  nose;  on  the  face 
the  spread  is  the  greatest  width  of  the  nose  in  contact  with  the  bridge.  The 
average  base  width  is  about  18  mm. 

The  bridge  must  be  wide  enough  not  to  impress  the  nose  at  the  sides,  but 
not  so  wide  as  to  permit  rocking  of  the  frame.  A  clean  fit  of  a  saddle  bridge 
prevents  the  frame  from  sliding  forward,  and  so  removes  strain  on  the  ears 
from  the  spectacle  sides.  It  also  keeps  the  lenses  in  their  proper  position, 
supporting  each  between  the  side  of  the  nose  and  the  joint,  so  that  rocking  of 
the  frame  in  both  the  vertical  and  horizontal  planes  does  not  occur.  The 
base  width  can  be  measured,  but  is  best  given  by  a  standard  spread,  which 
defines  curve  rather  than  actual  width. 

Standard  Spreads  are  1  cm.  deep.  They  have  two  widths,  the  first  being 
2  mm.  and  the  other  7  mm.  from  the  apex  of  the  curve,  as  follows : — 


Standard  No. 

1. 

2. 

3. 

4.              5. 

6. 

Upper  chord  in  mm. 
Lower  chord  in  mm. . . 

6 

9 

7-5 
12 

9 
15 

10-5             12 
18             21 

13-5 
24 

The  spread,  selected  for  distance  and  constant  use,  should  fit  the  thin 
portion  of  the  nose  and  not  pass  over  the  wider  part;  for  presbyopia  the 
spread  should  freely  slide  over  the  wider  part;  the  latter  is  usually  one 
spread  wider  than  the  former.  A  needed  spread  may,  of  course,  be  inter- 
mediate to  two  standard  spreads. 

Facial  Width. — The  rule  is  held  horizontally  with  the  projection  pointing 
backwards  near  the  left  temple,  and  the  distance  is  read  on  the  lower  scale 
to  the  middle  of  nose — this  distance  being  doubled  gives  the  facial  width;  or 
alternatively  the  distance  is  read  to  a  corresponding  point  at  the  right  temple. 
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This  is  a  difficult  measurement  to  make  accurately — one  is  liable  to  make 
it  too  large. 

The  Width  of  a  Frame  is  the  distance  between  the  pins  on  which  the 
sides  are  hinged ;  on  the  face  the  facial  width  is  that  between  points  a  little 
beyond  the  outer  canthi,  opposite  to  the  ends  of  the  joints  of  the  frame. 
The  average  width  is  about  110  mm.,  and  is  usually  45  mm.  more  than  the 
P.  D.,  but  may  be  a  little  less  or  more.  Joints  should  be  long  enough  to 
prevent  the  spectacle  sides  indenting  the  sides  of  the  head,  but  not  too  long 
for  security  or  for  cosmetic  effect.  If  the  face  is  relatively  narrow  compared 
with  the  P.  D.  the  joints  are  needed  short;  if  it  is  relatively  broad  the  joints 
must  be  long. 

Length  of  Side. — The  projection  is  placed  at  the  back  of  the  right  ear, 
and  the  distance  on  the  lower  scale  is  read  to  a  point  level  with  the  tips  of 
the  eyelashes;  this  gives  the  length  to  the  curl,  for  a  curled  side.  For  a 
straight  side,  the  edge  of  the  projection  is  placed  at  the  side  of  the  head 
where  th,e  extremity  of  the  spectacle  side  would  be,  and  the  distance  is  read 
as  in  the  former  case. 

The  Length  of  a  Curl  Side  is  (a)  the  distance  from  the  back  of  the  joint 
to  the  plane  tangent  to  the  extremity  of  the  curve  and  (b)  the  total  length. 
(a)  is  usually  about  110  mm.  and  (b)  is  about  50  mm.  more  than  (a).  On  the 
face  («)  corresponds  to  the  distance  from  the  tips  of  the  lashes  to  the  plane  of 
the  back  of  the  ear.     Some  opticians  consider  (a)  only,  some  only  (6). 

A  curl  side  should  be  straight  to  the  top  of  the  ear,  and  then  take  a  sharp 
bend  downwards,  having  a  contour  similar  to,  and  just  touching  at  every 
part  of  the  back  of  the  ear ;  the  frame  is  thus  kept  in  position  without  undue 
pressure  at  any  point.  Curl  sides  ahvaijs  require  adjustment  since  they 
cannot,  as  manufactured,  possibly  fit  the  individual  ears;  also  one  ear  may 
be  farther  back  than  the  other.  The  tips  should  not  project  beyond,  but 
should  be  hidden  by,  the  lobes  of  the  ears,  and  should  be  bent  badk  at  their 
extremities. 

The  tops  of  the  ears  are  generally  on  a  line  with  the  eyes  but  occasionally 
are  lower,  or  higher,  and  sometimes  one  is  higher  than  the  other.  In  these 
cases  the  sides  should  project  straight  backwards  from  the  joints  to  about 
where  the  hair  commences,  and  then  be  bent  upwards  or  downwards,  according 
as  the  lenses  are  high  or  low  with  respect  to  the  eyes.  If  one  ear  be  higher 
than  the  other  each  side  must  be  adjusted  accordingly,  so  that  the  lenses  may 
be  horizontally  in  line. 

If  the  spectacle  sides  indent  the  sides  of  the  face,  they  must  be  bent  out 
near  the  joints,  or  opened  more  widely  by  filing  the  stops  or  knuckles  of  the 
joints,  or,  in  extreme  cases,  the  sides  must  be  bent  outwards  at  an  angle, 
about  an  inch  behind  the  joints.  Pressure  of  the  spectacle  sides,  on  the 
front  part  of  the  head,  causes  the  lenses  to  tilt  upwards. 

If  lenses  tend  to  slide  forward,  curl  sides  must  be  shortened ;  if  the  lashes 
touch  the  lenses  they  need  to  be  slightly  lengthened;  this  is  easily  achieved 
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by  manipulation.     Curl  sides  should  be  cable  or  spiral,  the  latter  being 
extremely  comfortable  and  needing  little  if  any  adjustment. 

The  Length  of  a  Straight  Side  is  its  complete  length  when  flattened,  and 
is,  on  the  average,  about  140  mm. ;  on  the  face  it  corresponds  to  the  distance 
from  the  tips  of  the  lashes  to  a  point  about  30  mm.  behind  the  plane  of  the 
back  of  the  ear.  Straight  sides  should  have  sufficient  tension  to  hold  firmly, 
and  have  a  slight  curve  inwards  corresponding  to  the  shape  of  the  back 
portion  of  the  head,  and  they  should  be  long  enough  to  extend  well  behind 
the  ears. 

The  Angle  oJ  Sides  is  the  departure  from  90°  of  the  angle  between  the 
sides  and  the  plane  of  the  eye- wires;  the  joints  are  angled  along  with  the 
sides.  Distance  and  constant-use  frames  have  usually  no  angle,  but  presbyopic 
frames  are,  with  advantage,  angled  10°  or  even  15°  outwards  above. 

The  Size  of  Eye  of  a  frame  is  obtained  by  comparison  with  standard  sizes. 
The  size  of  the  required  eye  depends  on  the  P.  D.  and  usually  the  best,  for 
ordinary  dimensions,  are  as  follows : — 

P.  D.  under  60  mm.  1  eye.     P.  D.  of  60  mm.  0  eye. 
P.  D.  of  63  mm.  00  eye.     P.  D.  over  63  mm.  000  eye. 

For  choice  a  large-sized  eye  is  preferable,  but  larger  ones  than  can  be 
properly  centred  should  not  be  given  and  cosmetic  effect  should  always  be 
considered.  The  size  of  eye  is  largely  governed  by  the  width  of  the  nose 
An  arch  bridge  permits  of  larger  eyes  being  used  in  a  given  case. 

A  presbyope's  reading  glasses  should  be  one  size  smaller  than  that  of  the 
lenses  he  uses  for  distance. 

The  Eyes  of  a  Frame  when  glazed  must  be  of  similar  contour  and  truly 
elliptical ;  if  not  the  spectacle  can  never  set  correctly.  The  marginal  outline 
itself  should  correspond,  more  or  less,  to  the  hollow  formed  by  the  brow  and 
side  of  nose.  If  the  eye-brows  are  straight,  lenses  slightly  flattened  above 
have  a  good  effect;  also  if  the  brows  are  projecting  this  flattening  may  become 
necessary  to  prevent  the  lenses  being  too  far  from  the  eyes. 

In  a  glazed  frame  the  joints  must  close  in  their  whole  length,  with  sufficient 
tension  on  the  eye-wires  to  prevent  any  rotation  of  the  lenses;  if  the  latter 
be  loose  they  are  easily  chipped  and  sooner  or  later  will  fall  out,  if  slightly 
too  large,  the  joints  cannot  properly  close,  the  frame  is  untrue  and  the  lenses 
again  are  apt  to  become  chipped  or  to  crack. 

The  Bridge  Wire. — The  bridge  is,  or  should  be,  attached  to  the  eye-wires 
at  their  centres,  from  which  the  spurs  project  straight  backwards,  or  back- 
wards and  downwards.  The  inclination  of  the  bridge  is  usually  30°  to  45° 
with  the  horizontal,  and  the  plane  of  the  bearing  surface  of  the  bridge,  at  the 
crest,  is  at  right  angles  to  the  bridge  itself.  Consequently  as  the  bridge  is 
higher,  its  bearing  plane  is  more  nearly  horizontal,  while  it  is  nearly  vertical 
or  parallel  to  that  of  the  face  when  the  bridge  is  low.     If  the  bearing  surface 
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of  the  bridge  be  not  truly  parallel  to  the  nose  itself,  the  skin  may  be  chafed 
or  cut  and  a  bad  sore  may  be  produced.  For  the  same  height  and  projection, 
a  bearing  surface  of  bridge  more  approaching  the  horizontal  is  obtained  by  the 
connecting  spur  projecting  more  downwards;  a  lesser  or  no  projection  down- 
wards, or  in  extreme  cases  one  that  is  upwards,  tends  to  give  verticality  to 
the  bearing  surface.  It  is  not  uncommon  to  see  a  bridge  resting  on  the  nose 
only  at  the  extreme  outer  or  inner  edge. 

Even  when  the  slope  is  properly  adjusted,  the  bearing  surface  must  be 
large  enough  to  prevent  indenting  the  skin  of  the  nose;  the  heavier  the  lenses 
the  more  necessary  it  is  to  distribute  the  weight  over  a  sufficiently  large  area. 
If  the  bridge  is  a  good  fit,  the  support  at  the  sides  lessens  considerably  the 
weight  on  the  crest  of  the  nose. 

On  account  of  the  altered  inclination  of  the  crest,  a  saddle  bridge  can 
seldom  be  manipulated  as  to  height;  the  latter  can  be  increased  and  Proj. 
lessened,  or  vice  versa,  but  when  this  is  done  the  inclination  of  the  bearing 
surface  is  usually  such  as  prevents  its  being  suitable  for  use. 

Special  Cases. — For  clergymen  and  public  speakers  angled  pantoscopic 
or  clerical  (half-eye)  shaped  eyes  are  useful,  the  bridge  being  of  such  a  height 
that  the  upper  part  of  the  eye- wires  lie  just  below  the  lower  edges  of  the 
pupils. 

A  reversed  pantoscopic,  or  half-eye  form  of  frame,  is  sometimes  useful 
for  a  myope  who  requires  no  power  for  close  work  which  he  sees  beneath 
the  lenses.     Such  a  frame  may  serve  for  a  myopic  artist  when  sketching. 

The  height  of  the  frame  for  bifocal  lenses  varies  somewhat  with  their  use. 
If  worn  constantly  the  dividing  line,  between  the  upper  and  lower  lenses, 
should  be  just  below  the  lower  edge  of  the  pupils  when  the  eyes  are  directed 
to  a  point  on  the  ground  some  10  feet  away  ;  i.e.  in  walking  the  ground 
should  be  visible  through  the  upper  lenses,  with  but  a  slight  bending  of  the 
head.  If  their  use  is  mainly  when  seated,  the  dividing  line  may  be  some- 
what higher.  Bifocals  are  not  as  a  rule  to  be  recommended  for  constant 
wear  when  moving  about. 

If  lenses  are  required  for  such  purposes  as  shooting,  billiards,  etc.,  the 
lenses  should  have  a  greater  vertical  diameter  than  the  usual;  they  may 
well  be  circular  and  should  be  centred  somewhat  higher  than  those  for 
ordinary  use.  For  billiards,  or  for  target  shooting,  in  which  the  eyes  are 
rotated  considerably  upwards,  the  lenses  may  advantageously  be  angled 
outwards  below  some  5°,  or  even  more  for  shooting. 

If  the  face  or  brows  prevent  the  optical  centres  of  the  lenses  being 
opposite  to  the  centres  of  the  eyes,  or  in  the  desired  position,  the  eye-wires 
may  be  displaced,  and  the  lenses  decentred  accordingly.  For  instance, 
suppose  the  brows  are  low  and  project,  the  eyes  being  deep  set;  if  the  frame 
be  jilaced  beyond  the  brows  the  glasses  are  too  far  from  the  eyes  and  if  placed 
beneath  the  brows  they  are  decentred  downwards.  As  a  compromise  they 
can  be  placed  in  the  latter  position  and  decentred  upwards;  or  the  same 
effect  may  be,  perhaps,  obtained  by  using  a  round-oval  form  ot  lens,  whicn  is 
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sometimes  termed  a  half  pantoscopic,  i.e.  partially  flattened  at  the  tojJ  as 
previously  mentioned. 

To  obtain  the  shape  of  the  nose,  if  this  be  out  of  the  ordinary,  a  piece  of 
cardboard  can  be  cut  out  so  that  the  sides  of  the  opening  just  touch  the  sides 
of  the  nose ;  or,  better,  a  piece  of  leaden  wire  can  be  bent  around  the  nose, 
and  the  shape,  thus  obtained,  transferred  to  paper  by  tracing. 

Bridges,  Sides  and  Joints. —  In  addition  to  the  saddle  or  W  and  cranh  or 
C  bridges,  there  are  the  arch  or  U,  the  snake,  the  X  and  the  K  bridges. 

The  arch  serves  the  same  purpose  as  the  crank,  and  is  needed  when  the 
nose  is  very  wide  compared  with  the  P.  D. ;  it  forms  a  single  arch  from  the 
one  eye-wire  to  the  other. 

The  snake  is  useful  for  low  flat  noses  as  found  among  Chinese  and  Negroes; 
it  is  level  and  flush,  or  the  projection  may  be  negative. 

The  X  or  K  bridge,  combined  with  straight  sides,  is  sometimes  useful  for 
reversing  the  lenses  when  the  one  eye  is  useless.  The  same  result  can  be 
obtained  with  an  upright  C  or  U  bridge,  the  sides  being  curl,  or  turn-pin, 
and  reversible. 

In  addition  to  the  straight  side  and  cable  curl  side,  there  are  the  wire  curl, 
half  curl,  turn-pin,  and  slide  sides.  The  wire  curl  is  of  thin  flexible  wire  not 
twisted  or  coiled.  The  half  curl  is  a  stiff  side  bent  downwards  to  engage  the 
ear;  it  is  very  useful  for  certain  cases  where  the  ordinary  straight  sides  are 
hardly  secure  enough,  as  in  factories.  The  turn-pin  is  hinged  at  the  middle, 
so  that  the  back  j^art  can  be  turned  down  behind  the  ear.  The  slide  is 
made  so  that  the  back  portion  can  lie  over  the  front  portion,  and  the  whole 
frame  occupies  a  lessened  space,  when  not  in  use.  These  last  two  are  now, 
however,  antiquated. 

The  lengths  of  the  sides  on  a  frame  usually  vary  with  the  P.  D.  of  the 
latter  as  follows: 

Usual  Lengths  of  Cukl  Sides  (Full). 


Mm.   . . 
P.D.   . . 

133 
51 

140 
54 

146 

57 

152 

57 

159 
60 

165 
63 

172 
66 

178 
69 

Inches  . . 
P.D.   . . 

5i 
2 

5f 

^ 

0 

6i 

2J 

6J 

2| 

7 

The  first  three  sizes  are  for  children. 

Usual  Lengths  of  Straight  Sides. 


Mm. 
P.D. 

127 

57 

130 

60 

133 

63 

137 

66 

5? 

OT) 

140 

69 

9  a 
-'I 

Inches 
P.D. 

5 

91. 

-4 

H 

.->:! 
"S 
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Curl  sides  are  made  in  many  varieties,  such  as  the  cable  end,  twist,  etc., 
etc.,  and  for  the  details  of  which  the  catalogue  of  any  wholesale  firm  can  be 
consulted.  The  straight  side  also  has  variations  as  to  the  shape  of  the  wire, 
this  being  round,  half  round,  flat,  etc. ;  the  end  is  also  made  in  different  styles, 
as  loop  end,  plain  end,  spoon  end,  etc. 

Joints  are  mainly  of  two  classes,  the  English  or  "knuckle"  and  the 
American  or  "  split."  The  essential  difference  is  that  in  the  former  the  side 
end  is  of  the  same  width  and  covers  part  of  the  joint;  while  in  the  "  split  " 
the  side  portion  is  thin  and  does  not  overlap  the  joint.  The  English  joint  is 
the  stronger  of  the  two  and  is  made  with  many  small  variations  of  finish 
and  shape. 

The  usual  eye- wire  is  round  and  other  styles,  rarely  used,  are  the  bevelled 
(V)  shajDed  and  the  flat. 

Straps  for  Rimless  Mounts. — 

Sizes  in  mm. :  1,  1-5,  2,  2-5,  3,  3-5,  4. 
The  usual  size  is  No.  2. 

To  Test  a  Spectacle  Frame. — A  spectacle  frame  should  have— 

1.  The  eye- wires  in  the  same  plane,  so  that  a  flat  rule,  laid  across  them, 
would  touch  simultaneously  each  end  of  the  eye-wires,  both  above  and  below 
the  bridge. 

2.  The  joints  in  the  same  vertical  plane,  so  that  a  straight  horizontal  line 
bisects  both. 

3.  The  sides  opening  to  an  equal  extent,  and  parallel  to  each  other;  the 
sides  when  closed  crossing  midway  between  the  eye-wires,  with  the  tips,  of 
straight  sides,  below  the  opposite  joints. 

4.  The  curves  of  the  lower  part  of  the  bridge  corresponding  to  each 
other;  and  both  attachments  of  the  eye-wires,  if  they  are  central,  bisected 
by  the  same  straight  line  passing  through  the  joints. 

If  the  frame  does  not  set  true  on  the  face,  the  fault  lies  in  one  of  the  four 
above-mentioned  factors.  A  spectacle  frame  cannot  well  be  adjusted  unless 
there  are  lenses  in  the  eye-wires,  so  that  the  latter  be  of  true  form.  A  pair 
of  metal  templates,  or  a  pair  of  strong  Cx.  lenses,  should  be  inserted  for  this 
purpose. 

Pince-nez. — The  details  of  an  eyeglass  or  pince-nez  are: 

1.  P.  D. 

2.  Distance  between  the  placquets  or  guards. 

3.  Size  of  eye. 

Many  of  the  particulars  given  in  connection  with  the  fitting  of  spectacles 
apply  equally  to  eyeglasses.  As  a  rule  lenses  for  pince-nez  are  required 
rather  larger  than  for  spectacles,  especially  if  they  are  rimless. 

The  Canadian  has  a  flexible  top  spring  and  adjustable  placquets;  the 
Jaf  has  a  flexible  top  spring  and  fixed  placquets.     These  are  considered 
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old-fashioned,  but  are  still  the  best  forms  for  presbyopes  who  desire  a  frame 
easily  carried  about,  put  on  and  ofi  with  the  one  hand,  and  at  any  desired 
angle.  Although  not  the  best  form  if  there  are  fairly  strong  cylindricals,  a 
quite  accurate  adjustment  can  be  frequently  obtained  with  them.  They 
must,  however,  never  be  used  as  folders,  since  folding  of  the  one  eye  over  the 
other  twists  the  top  spring,  and  makes  proper  location  impossible. 

The  offset  has  a  flexible  top  spring  and  fixed  guards ;  it  is  good  for  constant 
wear  and  is  the  ordinary  form  for  rimless  pince-nez.  There  are,  of  course, 
many  modifications  of  the  regular  type;  the  ofiset,  when  properly  adjusted, 
retains  its  position  by  contact  rather  than  by  pressure.  Taking  it  all  round 
it  is  the  best  form  of  eyeglass  in  the  opinion  of  the  writer.  It  is,  however, 
largely  displaced,  for  the  moment,  by  the  finger-piece. 

The  form  of  pince-nez  termed  the  finger-piece  presents  many  advantages 
for  some  cases;  it  has  a  rigid  bridge  similar  to  that  of  a  spectacle  and  plac- 
quets  adjustable  vertically  and  horizontally;  the  gripping  tension  is  in  the 
horizontal  plane.  The  bridges  have  varying  width,  height,  and  projection, 
and  the  P.  D.  required  determines  the  size  of  eye. 

The  Astig.  has  a  rigid  top  bar,  adjustable  as  to  length,  with  fixed,  rocking 
or  adjustable  placquets;  it  is  the  form  very  commonly  employed  in  this 
country  for  constant  wear,  and  for  presbyopic  purj)0ses. 

Eyeglasses  are  more  complicated  than  spectacles,  and  need  more  consider- 
ation in  their  selection;  their  readjustment  when  out  of  shape  is,  however, 
easier.  The  source  of  the  trouble  must  be  in  either  the  spring  or  the  placquets 
and  it  can  be  easily  located  and  corrected.  Practically  every  form  of  eye- 
glass is  supplied  in  assorted  dimensions  and  with  assorted  guards  or  j)lacquets, 
or  the  latter  are  adjustable. 

If  the  eyes  are  high  in  relation  to  the  bridge  of  the  nose  the  placquets 
must  be  low  and  vice  versa.  Inclining  fixed  offset  placquets  towards  each 
other  above  in  the  vertical  plane  causes  the  lenses  to  be  lower;  less  inclina- 
tion raises  them.  Inclining  them  backwards  above  tends  to  tilt  the  lenses 
forward  above. 

The  more  the  placquets  recede,  the  more  generally  secure  is  the  hold  of 
the  frame.  Flat  noses  and  jJi'ominent  eyes  demand  placquets  that  jjroject 
well  backwards,  bold  noses  and  sunken  eyes  are  suited  by  placquets  which 
recede  but  little,  or  lie  in  the  same  plane  as  the  lenses.  With  fixed  top  bars 
the  lenses  are  true  horizontally  if  the  placquets  fit  the  nose  on  each  side. 
Too  great  a  spring  tension  of  an  eyeglass  may  cause  headache  and  nervous 
symptoms,  as  well  as  redness,  soreness  and  tenderness  of  the  skin  of  the  nose 
against  which  the  placquets  press.  Cork  placquets  are  perhaps  more  com- 
fortable, but  hard  rubber,  or  metal,  is  cleaner  and  on  the  whole  preferable. 
If  the  centres  of  the  pupils  are  unequally  distant  from  the  nose,  the  placquets 
of  an  eyeglass  may  need  to  be  adjusted  for  each  eye  separately;  some  forms 
of  ofiset  pince-nez  lend  themselves  readily  to  this  adjustment;  others  do  not 
and  it  may  be  necessary  to  have  studs  of  difierent  lengths,  especially  with 
astigs.;  some  pince-nez  cannot  be  adjusted  at  all. 
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Eyeglasses,  the  same  as  spectacles,  if  worn  constantly  should  be  as  near 
to  the  eyes  as  possible.  Rigid  placquets  as  on  the  offset  and  escillating  plac- 
quets  as  on  the  finger-piece  must  be  adjusted  as  to  inclination  and  contour 
for  each  side  of  the  nose ;  they  should  also  have  a  slightly  greater  pressnre  at 
the  top,  to  prevent  tilting  forward  of  the  lenses.  They  must  be  in  contact 
over  their  whole  length  in  order  that  security  of  hold  be  obtained,  because  an 
eyeglass  cannot  fit,  or  be  secure,  if  there  are,  for  instance,  convex  placquets 
in  contact  with  convex  sides  of  a  nose.  Bending  the  top  spring,  at  its  attach- 
ment to  the  eye-pieces,  alters  the  distance  between,  and  the  inclination  of  the 
placquets ;  flattening  or  rounding  the  top  spring  has  similar  efiects. 

There  are  many  variations  in  the  styles  of  the  different  eyeglasses  above 
described  and  there  are  numerous  other  styles  in  addition.  Further,  there 
are  quite  a  number  of  so-called  "  combination "  frames.  These  latter 
partake  both  of  the  nature  of  a  spectacle  and  of  an  eyeglass  as,  for  instance, 
an  Astig.,  Canadian  or  offset  with  curl  sides,  or  a  curl  side  spectacle  with 
placquets  attached  to  the  bridge,  so  that  the  latter  does  not  rest  on  the  crest 
of  the  nose. 

Frame  Selection. — As  a  rule  eyeglasses  are  preferable  to  spectacles. 
They  are  more  convenient  to  put  on  and  take  off,  and  they  are  more  elegant. 
Many  people  who  wordd  refuse  to  wear  spectacles,  on  account  of  their  pre- 
sumed disfiguring  and  ageing  efiects,  willingly  wear  rimless  pince-nez,  and 
the  latter  is  the  best  form  for  constant  use;  there  are  very  few  noses  that 
cannot  be  fitted  with  some  form  of  pince-nez.  The  exceptions  to  this  general 
rule  of  giving  pince-nez  are  when  the  lenses  are  very  strong,  especially  if 
cylindrical,  and  in  the  cases  of  children  and  quite  old  people. 

Nickel  is  really  neater  and  more  becoming  for  young  people  than  gold 
or  gold-filled ;  gold  frames  should  not  be  too  heavy ;  steel  frames  need  not  be 
too  finely  tempered  but  should  be  light  as  to  the  wire  and  fine  as  to  the  joints. 
Rimless  mountings  for  lenses  are,  of  course,  the  most  appropriate  for  adults  if 
the  cosmetic  efiect  is  considered,  as  it  should  be. 

Cosmetic  Frames. — Spectacles  may  be  needed  for  cosmetic  effect  only, 
that  is,  to  improve  the  appearance  of  the  wearer.  If  one  eye  is  blind  and 
disfiguring,  a  dark  smoke  or  blue  lens  will  hide  it,  the  other  eye  being  fitted 
with  a  piano  glass  or  a  lens  as  may  be  needed.  If  one  eye  is  small  and  useless 
for  vision,  or  if  an  artificial  eye  be  used  which,  of  necessity,  is  smaller  than 
the  real  one,  a  strong  Cx.  lens  in  front  of  it  will  increase  its  apparent  size; 
conversely  a  strong  Cc.  lens  will  reduce  the  apparent  size  of  an  artificial  eye 
which  is,  of  necessity,  large.  If  one  eye  be  artificial,  the  use  of  tinted  or  even 
white  lenses  will,  to  a  great  extent,  hide  the  fact.  If  one  eye  squints,  and  is 
useless  for  vision,  a  prism  base  towards  the  deviation  improves  the  appearance, 
by  causing  the  pupil  to  be  seen  more  towards  the  apex. 


412  VISUAIi  OPTICS  AND  SIGHT  TESTING 

Frame  Measurements  with  the  "  Orthops  "  Rule. 

Spectacles. 

Height  of  Bridge. — The  frame  is  placed  so  that  the  lower  edge  of  the 
rule  bisects  the  joints.  The  height  "  up  "  is  read  on  the  vertical  scale  above 
the  edge.  Height  "  down  "  is  read  below  the  edge.  The  reading  is  made  at 
the  middle  of  the  bridge  wire,  it  being  the  No.  covered  by  the  wire. 

Proj.  oJ  Bridge. — The  frame  is  placed  with  the  backs  of  the  "  eyes  " 
against  the  lower  edge  of  the  rule  and  the  upper  part  of  the  bridge  resting  on 
the  projection.     "  Set-out  "  is  read  on  the  vertical  scale  below  the  edge 
"  Set-back  "  is  read  above  the  edge.     The  reading  is  made  at  the  middle  of  the 
bridge  wire. 

Base  of  Bridge. — The  bridge  is  placed  with  the  inside  of  the  bridge  at 
the  left  edge  of  the  projection  and  the  distance  is  read  on  the  upper  scale. 
The  reading  is  that  between  the  widest  points  of  contact  with  the  nose. 

P.  D. — The  frame  is  placed  with  the  inner  side  of  one  eye  at  the  left  edge 
of  the  projection  and  the  distance  is  read  on  the  upper  scale  to  the  outer 
extremity  of  the  other  eye. 

Front. — The  frame  is  placed  with  one  pin  at  the  left  edge  of  the  projec- 
tion and  the  distance  is  read  on  the  upper  scale  to  the  other  pin. 

Total  Length  of  Side. — The  frame  is  placed  with  one  joint  at  the  left 
edge  of  the  projection  and  the  distance  is  read  on  the  upper  scale  to  its 
extremity  when  flattened. 

Length  to  Tangent  of  Curl. — The  frame  is  placed  with  the  right  joint  near 
the  end  of  the  projection  at  the  left  and  the  distance  is  read  on  the  upper 
scale. 

Angle  of  Sides. — The  frame  is  placed  with  the  left  eye-wire  against  the 
right  end  of  the  rule  with  the  joint  at  the  centre  of  the  protractor,  on  which 
the  angle,  between  the  eyes  and  sides,  is  then  read. 

Curve  of  Straight  Side. — The  frame  is  placed  with  the  joint  to  tJie  left  of 
the  projection,  and  the  extremity  of  the  side  to  the  right,  both  at  the  lower 
edge  of  the  rule;  the  greatest  depth  of  curve,  or  the  sagittal,  is  then  read  on 
the  vertical  scale. 

Eyeglasses. 

P.  D. — The  frame  being  opened  as  when  in  use,  this  distance  is  taken  as 
on  a  spectacle  frame. 

Distance  between  Placquets. — The  frame  is  jjlaced  with  the  inside  of  one 
placquet  at  the  left  edge  of  the  projection  and  the  distance  is  read  on  the 
upper  scale  to  the  inside  of  the  other  placquet. 

For  oscillating  placquets  the  distance  between  them  is  taken  at  the 
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centre.     For  fixed  straight- placquets  it  is  taken  at  the  top  and  bottom.     For 
fixed  curved  placquets  it  is  taken  at  the  top,  centre  and  bottom. 

These  measurements  are  taken  when  the  frame  is  at  rest,  or  when 
extended  if  the  P.  D.  be  known.  The  lengths  of  the  placquets  should  also  be 
taken  when  necessary. 

Unequal  Placquets. — When  the  two  placquets  differ,  the  distances  of 
each  from  the  median  line  should  be  taken  separately.  The  rule  is  turned 
so  that  the  frame  can  be  placed  across  the  vertical  scale  with  the  middle  of 
the  spring  or  bar  bisected  by  its  zero  line;  the  distance  is  then  read  on  each 
side  from  this  central  line. 

Bridges  or  Springs. — The  length  is  taken  on  the  upper  scale  between  the 
extreme  points  measured  horizontally. 


Use  of  the  "  Orthops  "  Rule  with  Lenses. 

To  Locate  the  Axis  of  a  Cylindrical. — Holding  the  lens  and  the  neutral- 
izing cylindrical  firmly  together  and  geometrically  centred,  they  are  placed 
agamst  the  end  of  the  rule  so  that  its  edge  exactly  coincides  with  the  long 
diameter  of  the  lens,  and  its  middle  point  with  the  centre  of  the  lens.  The 
])osition  of  the  axis  is  then  indicated  on  the  protractor  by  the  small  scratch 
on  the  neutralizing  cylindrical.  The  lens  should  not  be  laid  flat,  but 
held  at  a  small  angle  with  the  rule,  and  the  outer  face  of  the  lens  must  be 
upwards. 

To  Locate  the  Optical  Centre. — The  lens  is  held  in  a  plane  parallel  to 
that  of  the  rule,  and  a  few  inches  above  it,  over  the  intersection  of  the  vertical 
and  horizontal  scales.  The  optical  centre  is  opposite  to  the  intersection  of 
the  horizontal  and  vertical  edges  when  these  edges  are  seen  continuous  within 
and  beyond  the  periphery  of  the  lens. 

To  Measure  Decentration. — The  geometrical  centre  is  marked  with  a 
dot  of  ink,  and  the  optical  centre  being  located  as  above,  the  distance  on 
the  horizontal  scale,  between  the  optical  and  geometrical  centres,  is  read 
— -this  gives  the  horizontal  decentration ;  or  the  decentration  vertically  is  read 
on  the  vertical  scale. 

To  Measure  a  Prism. — The  rule  is  placed  1  m.  distant  from  the  prism 
which  is  to  be  measured,  the  base  of  which  is  to  the  left  opposite  to  the 
projection.  The  base  apex  line  must  be  exactly  parallel  to  the  horizontal 
edge  of  the  rule.  This  edge  being  viewed  through  the  prism,  the  projection 
is  seen  deflected  to  the  right,  and  its  right  edge  indicates  on  the  lower  scale, 
seen  above  the  prism,  the  amount  of  displacement  in  cm.  and  fractions  thereof. 
The  number  of  cm.  indicated  equals  the  number  of  prism  diopters.  Care 
must  be  taken  that  the  displacement  is  minimum. 
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Shapes  of  Spectacles,  Lenses  and  Eye-wires. 

The  usual  form  is  the  regular  oval.  The  other  ovals  serve  for  special 
cases.  The  round  oval  is  sometimes  used,  mainly  for  cosmetic  efEect  since  the 
slightly  flattened  upper  contour  corresponds  more  nearly  with  that  of  the 
brow.  The  pantoscopic,  clerical  pantoscopic  and  half  eyes  serve  for  presbyopes 
who  can  more  easily  see  distant  objects  over  the  tops  of  these  forms  of  eyes. 
Various  other  forms  are  sometimes  seen  as  the  crescentric,  which  serves  the 
same  purpose  as  the  panto,  and  the  reversed  panto  which  enables  a  myope  to 
see  near  objects  beneath  the  lenses. 


Ophthalmic  Lenses. 
American  and  British  Standards — Regular  ovals  :- 


Bevel  Edged. 

4  Eye    . , 

.     33-8x24-5mm. 

3  Eye    . 

.     34    x26     mm. 

2  Eye    . 

35    X  26     mm 

1  Eye    . 

.      36-r)x27-5mm 

0  Eye     . 

.     37-Sx28-8mm. 

00  Eye    . 

.     39-7  X  30-7  mm. 

000  Eye    . 

.     41     x32     mm. 

OOOA  Eye    . 

.     42-5x33-5mm. 

0000  Eye    . 

.     44-3x36     mm. 

Jumbo  Eye    . 

.     46     x  38      mm. 

Rimless. 


36 

X 

27 

mm 

37 

X 

28 

mm 

38- 

5x 

29-5 

mm 

40 

X 

31 

mm 

41 

X 

32 

mm 

42- 

5x 

33-5 

mm 

44-5X 

35-5 

mm 

45-4  X 

37-4 

mm 

The  various  "  eyes  "  are  made  also  to  a  longer  oval  and  to  a  shorter  oval  as 
follows : — 

(American  and  British  sizes  other  than  regular  as  above). 


Bevel  Edged. 


No. 

Long  Oval. 

Full  Oval. 

Short  Oval. 

Round. 

2 

35-5  X  25-5 

34    x27 

33-5  X  27-5 

30-8 

1 

37    x27 

35-5 X  28-5 

35    x2n 

32-4 

0 

38-3x28-3 

36-8  X  29-8 

36- 3x30-3 

33-7 

00 

40-2 X  30-2 

38-7  X  31-7 

38-2x32-2 

35-6 

000 

41-ox  31-5 

39-8  X  32-8 

39-5x33-5 

36-8 

OOOi 

43    x33 

41-5X34-5 

41     x35 

38-3 

0000 

45    x35 

43-5X36-5 

43    x27 

40-2 

Jumbo 

46-9  X  36-9 

44-9  X  37-9 

44-4x38-4 

41-5 

Rimless. 


1 

0 

00 

000 

OOOi 

0000 

Jumbo 


36    x26 

36    x29 

34-5x28-5 

36 

37    X27 

37    x30 

35-5x29-5 

37 

38-5x28-5 

38-5x31-5 

37    x31 

38-5 

40    x30 

40    x33 

38-5x32-5 

40 

41    x31 

41     x34 

39-5x33-5 

41 

42-5x32-5 

41-5x34-5 

41     x35 

42-5 

44-5  X  34-5 

43-5x36-5 

43    x37 

44-5 

45-4x35-4 

45-4x  38-4 

44-4x38-4 

45-4 
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Long  Diameters. 

o.s. 

No. 

Length  of  Periphery . 

Corresponding 
American  No. 

Oval. 

Long 
Oval. 

Bound 
Oval. 

Pantos. 

Half 
Oval. 

Bound 

I 
2 
3 
4 
5 
6 

92-5  mm. 

94-5    „     =  92-5+2 

97-5    „     =  94-5+3 

101-5    „     =  97-5+4 

106-5    „     =101-5+5 

112-5    „     =106-5+6 

4 
3 
2 

1 

0 
00 

33-5 
34 
35 
36-5 

38 
40 

35 

35-5 

36-5 

38 

39-5 

41-5 

31 

31-5 

32-5 

34 

35-5 

37-5 

34 
34-5 
35-5 
37 

.38-5 
40-5 

36 

36-5 

37-5 

29 

30 

31 

32-5 

34-5 

36 

The  ratio  of  the  long  to  the  short  axis  of  the  oval  is  approximately  1-3  to  1, 
that  of  the  long  oval  1-5  to  1. 


French  Calibres. 

Australian  Sizes, 

No. 

Bounded  Oval. 

Ordinary  Oval. 

No. 

22        ; 

54    X42 

5 

39-6 X  30-6 

21         i 

20 

46-4x37-4 
44-5x35-5 

•n 

38-4x29-4 

19 

18 

43    x34 
42    X33-5 

.1} 

36-7x27-7 

17 

40-7x31-8 

42    x30 

2 

35    x26 

16 

39-3x30-5 

40-5x28-8 

15 

38-7x29-5 

39-7x27-8 

German  Scheie es. 

14 

36-8x28-3 

38-2x26-6 

13 

40-6x30-6 

13 

35-5x26-5 

36    x25 

11 

38-9x28-9 

12 

33    x25-3 

34    x23 

9 

37    x27 

Ophthalmic  Lenses  may,  of  course,  be  made  up  in  a  variety  of  forms  but 
the  two  most  generally  in  use  are  the  double  and  the  periscopic.  With  regard 
to  the  former  little  need  be  said  here  beyond  the  fact  that  the  term  is  not 
confined  to  those  lenses  having  the  same  curvatures  on  both  sides,  but  also 
includes  all  cases  where  the  surfaces,  although  not  necessarily  equal,  are  of  the 
same  nature,  i.e.  both  Cx.  or  both  Cc.  The  second  form  is  the  periscopic, 
which  is  Cx.  on  one  side  and  Cc.  on  the  other,  no  matter  what  the  actual 
curvatures  may  be ;  the  intermediate  form  of  piano  Cx.  or  Cc.  is  not  now 
employed.  We  may  use  the  terms  double  and  peris,  to  include  sph.-cyls.  with 
both  surfaces  of  the  same  or  opposite  nature,  respectively,  as  well  as  for 
simple  sphericals.  We  reserve  the  term  meniscus  to  indicate  periscopic  lenses 
of  high  curvature. 

The  Periscopic  not  only  has  a  far  better  appearance  than  the  double  but, 
also,  is  the  best  all-round  form  of  ordinary  powers  since,  with  it,  oblique  vision 
is  better  and  there  is  a  larger  field  of  clear  vision  on  rotation  of  the  eyes ;  side 
reflections  of  light  are  prevented  and  the  frame  generally  can  be  placed  nearer 
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the  eyes.  The  ordinary  trade  Cx.  periscopic  has  a  Cc.  surface  of  from  1'25  D.  to 
2  D.,  and  the  periscopic  Cc.  has  a  Cx.  surface  of  similar  powers,  and  even  if  small 
there  is  imi:)roved  oblique  vision.  Any  changed  effectivity  due  to  the  refracting 
plane  being  outside  the  lens  is  negligible ;  this  latter,  although  governed  by  the 
relative  curvatures  of  the  two  surfaces,  is  expressed  in  terms  of  the  thickness 
of  the  lens,  which  in  a  thin  ophthalmic  lens  is  practically  negligible. 

The  periscopic  form  of  lens  should  then  always  be  employed  for  preference. 
It  is  much  better  to  give,  for  instance,-)- 6  spho  -  2  cyl.  than-t-4sph.o  +2  cyl. 
or  -  6  sph.  c^  -f '^  cyl.  instead  of  -  3  sph.  o  -  3  cyl. 

The  deep  meniscus  is  one  where  the  periscopic  effect  is  increased  by 
making  the  -curve  on  Cx.  lenses,  or  the  -|-  curve  on  Cc.  lenses  fairly  deep; 
thus  a  1  D.  may  have  powers  of  -  6  and  -|-7,  or  a  -  1  D.  powers  of  4-6  and  -  7. 
Deep  menisci,  although  eliminating  most  of  the  oblique  aberrations  and  en- 
larging the  field  of  clear  vision,  cannot  sometimes  be  worn  with  comfort  by 
people  accustomed  to  the  ordinary  form  of  lens.  One  of  the  disadvantages  is 
that  there  is  marked  distortion  in  oblique  vision,  which  is  all  the  more  noticed 
owing  to  the  absence  of  other  aberrations;  another  is  that  difference  in  size 
of  the  retinal  images  may  become  appreciable  when  the  lenses  are  of  unequal 
power,  it  being  impossible  to  place  the  optical  centres  in  the  anterior  focal 
planes.  A  ghost  image  of  a  bright  distant  object  may  be  formed  owing  to 
reflection  of  light  between  the  two  surfaces,  which,  in  weak  lenses,  are  approxi- 
mately parallel.  Also  a  virtual  image  of  the  wearer's  corneal  reflection  of  a 
bright  distant  object  may  be  produced.  Further,  with  strong  powers,  there 
may  be  an  appreciable  increase  in  effectivity.  Compared  with  the  advantages 
of  menisci,  which  are  those  of  the  periscopics  enhanced,  all  these  are  quite 
minor  defects,  the  deep  meniscus  being  the  best  form  of  lens. 

The  ToRic  or  Toroidal  is  a  sj)ecial  form  of  astigmatic  lens  having  two 
different  principal  powers  on  the  same  surface,  which  has  a  curvature  resem- 
bling that  of  a  spoon  or  egg.  The  toric  surface  is  equivalent  in  effect  to 
two  crossed  cylindricals  and  the  other  surface  may  be  spherical  or  piano, 
so  that  the  total  effect  is  that  of  a  sph. -cyl.  The  toric  is  to  be  recommended 
where  a  high  sph.  power  is  required  with  a  weak  cyl.,  e.g.  where  the  combina  - 
tion  calls  for  +11  S.  o  +  1-0  C.  Ax.  90°. 

The  toric  is  also  a  desirable  form  of  lens  where  a  greater  periscopic  efiect 
is  needed  than  can  be  obtained  from  any  ordinary  sph. -cyl. 

The  Bifocal,  as  its  name  indicates,  is  a  lens  of  two  different  powers  or 
foci  set  into  the  same  eye-wire.  The  upper  power  is  used  for  distance  and  the 
lower  for  reading  or  close  work.  In  the  Cx.  bifocal  the  upper  is  the  weaker 
and  in  the  Cc.  the  reverse  is  the  case.  A  bifocal  can  also  be  made  to  have 
Cc.  power  for  distance  and  Cx.  for  reading.  There  are  various  forms  of  bifocals 
many  having  fancy  names,  but  the  following  are  the  chief  styles : — 

1.  The  Franklin,  or  split,  is  made  of  two  lenses  cut  and  joined,  the  juncture 
being  a  straight  line  which  can  be  at  the  centre  or  above  or  below  it. 

2.  The  perfection  is  a,  modification  of  the  split,  the  juncture  being  curved. 
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3.  The  solid,  old  style  or  up  curve  in  whicli  the  stronger  lower  part  is 
ground  on  to  the  weaker  upper. 

4.  The  solid,  new  style  or  down  curve  in  which  the  stronger  lower  part  is 
ground  to  a  small  portion  only  of  the  weaker  upper. 

5.  The  cement  consists  of  a  thin  segment  of  the  required  additional  power 
cemented  on  to  an  ordinary  lens  of  the  strength  required  for  distance.  The 
segment  can  be  made  so  thin  as  to  be  almost  invisible. 

6.  The  Borsch.  This  has  been  made  by  inserting  a  strongly  curved  small 
lens  of  high  fj,  between  two  piano  Cx.  lenses  of  low  yu,- 

7.  The  fused  or  inset  is  made  by  fusing  a  strongly  curved  small  lens  of  high 
yu,  into  a  depression  in  the  weaker  main  lens  of  low  jj,.  Of  this  style,  the 
"Kryptok  "  is  the  best  known. 

No.  3  is  a  form  now  not  much  used  since  it  is  decentred ;  but  all  the  others 
have  some  advantages.  The  cement  is  the  most  generally  employed  and, 
if  the  wafer  is  thin,  is  an  excellent  form  for  its  cost;  it  is,  however,  sometimes 
decentred  on  the  lower  part  owing  to  want  of  proper  attention  in  the  cutting 
of  the  segment;  also  sometimes  the  cement  decomposes,  and  renders  the  lower 
p  art  opaque.  In  some  forms  of  fused  bifocals,  a  certain  amount  of  decentra- 
i,ion,  and  chromatism  of  the  reading  power,  is  unavoidable. 

The  Lenticular  or  New  System,  where  the  central  power  is  greater  than 
that  of  the  periphery,  is  a  special  form  of  bifocal  which  does  away,  to  a  great 
extent,  with  the  prismatic  effects  occurring  in  oblique  vision  through  strong 
lenses.  Thus  a  +2  D.  piano  Cx.  may  have,  on  its  plane  surface,  a  central 
segment  of,  say,  +4  D.  sph.;  or  a  -  3  D.  piano  Cc.  may  have  a  central  portion 
of  the  other  surface  concaved  to  any  extent. 

The  Oethoscopic  Lens  has  a  certain  prismatic  effect  proportional  to  its 
spherical  power,  but  is  little  used,  its  principle  being  faulty;  various  other 
names  have  been  given  to  this  style  of  lens. 

The  Hyperbolic  Lens  is  one  having  a  concave  hyperbolic  curvature  for  the 
correction  of  conical  cornea  {q.v.). 

The  Stenopeic  Lens  is  one  of  small  aperture,  the  latter  taking  the  form 
of  a  large  pinhole,  a  slit  or  other  shape.  Temporary  stenopa^ics  can  be  made 
by  fastening  black  paper,  or  sticking  plaster,  to  ordinary  lenses;  the  aperturea 
can  thus  be  readily  changed  as  found  requisite. 

The  Contact  Glass  is  a  thin  shell,  to  be  worn  in  contact  with  the  cornea, 
in  irregular  astigmatism,  etc.  Its  use  has  not  proved  satisfactory,  and  it 
tends  to  set  up  inflammation  in  the  outer  coats  of  the  eye. 

The  Monocle,  or  Oxford,  is  a  circular  single  lens  milled  around  the  edge 
or  mounted  in  a  ring.  Its  constant  use  is  indicated  only  when  one  eye  is 
defective,  and  the  other  is  not  used  for  vision,  or  when  the  one  is  more  defective 
than  the  other  eye,  so  that  the  Oxford  equalizes  them.  It  is  also  a  permissible, 
and  very  useful,  article  for  a  myope  of  low  degree  to  improve  distant  vision 
for  a  short  time,  or  for  a  presbyope  to  inspect  objects  or  see  figures,,  etc., 
which  would  not,  otherwise,  be  clearly  visible.  It  is  better  mounted  with  a 
pallery  which  aids  in  keeping  it  in  place.  ^^ 
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Adjuncts  to  Beading. 

The  Magnifying  Glass  or  Reader  is  used  in  defective  sight  (incipient 
cataract,  etc.)  in  order  to  make  print  legible ;  the  rectangular  form  held  parallel 
to  the  print  is  the  best.  A  reader,  employed  with  a  pair  of  spectacles,  may 
sufficiently  increase  the  size  of  ordinary  type  to  make  it  legible  in  cases  where 
reading  would  otherwise  be  impossible. 

The  Typoscope  is  recommended  by  its  inventor,  Mr.  Charles  Prentice  of 
New  York,  as  an  aid  to  reading,  in  conjunction  with  spectacles,  where  there 
is  defective  sight,  as  in  amblyopia,  cataract  and  high  Am.  It  is  a  plate  of 
black  hard  rubber  or  cardboard  7x2j  ins.,  having  a  rectangular  aperture 
4Jxf  ins.  This  opening  is  placed  over  reading  matter  and  moved  line  by 
line;  the  place  is  larger  on  one  side  so  that  its  projection  beyond  the  page 
facilitates  its  being  moved. 

Forms  of  Protectors. 

The  D  Eye  has  coloured  piano  glasses  cut  in  the  shape  of  a  D,  and  hinged 
lateral  flaps  which  prevent  the  light  from  entering  the  eyes  at  the  sides,  when 
it  is  worn;  it  is  largely  used  in  India  and  other  tropical  countries.  The 
Horse-shoe  differs  from  it  only  in  the  shape  of  the  eyes  and  flaps. 

The  Globular  or  Coquille  has  large,  coloured  glasses  of  globular  shape 
used  to  mitigate  the  intensity  of  the  light.  The  cheaper  grades  have  glasses 
which  are  blown  and  of  a  poor  quality,  bein|  full  of  flaws  and  acting  as 
imperfect  concave  sph.-cyls. ;  the  better  qualities  have  properly  worked 
glasses  forming  deep  menisci  without  power.  Coloured  piano  glasses  serve 
the  same  purpose  and  are  often,  if  not  generally,  preferable.  Thg  Mi-coquille 
is  similar  to  the  coquille  but  the  glasses  are  less  strongly  curved. 

The  Goggle  or  Protector  has  piano  white  or  coloured  glasses  in  a  frame  or 
in  a  wire  gauze  mounting,  or  they  are  made  entirely  of  wire.  Other  forms 
have  mica,  celluloid,  etc.,  which  may  be  white  or  coloured,  and  in  various 
shapes  and  sizes,  according  to  the  use  to  which  they  are  put.  Protectors 
should  always  be  used  in  occupations  where  injury  from  intense  light,  or  from 
flying  particles,  may  occur  to  unprotected  eyes,  as  with  furnace  men,  threshers, 
stonemasons,  etc. 

The  Hollowed  Eye  Shell  is  made  of  rubber  or  celluloid,  and  allows  the 
eye  to  be  opened,  in  case  of  disease,  while  the  light  is  entirely  excluded;  the 
effect  is  the  same  as  that  of  a  dark  room. 

Points  on  Frames  and  Lenses. 

For  frame  adjustment,  two  pairs  of  small  pliers  having  smooth  jaws 
should  be  used.  There  are  many  excellent  forms  of  pliers  made  specially  for 
certain  work  in  connection  with  frames. 

To  learn  how  to  readjust,  or  set  spectacles,  it  is  advisable  to  practise  with 
old  frames  purposely  put  out  of  true. 
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The  length  and  form  of  cable  curl  sides  are  altered  by  working  them 
between  the  finger  and  thumb,  until  they  have  the  desired  form. 

If  the  one  side  of  a  frame  is  lower  than  the  other,  the  opposite  eye  is 
lowered  when  in  use.  If  one  eye  is  inclined  out  the  opposite  eye  is  advanced 
when  in  use. 

Generally  the  bending  of  metal  parts,  and  of  hard  rubber,  metal,  and 
celluloid  placquets  is  best  done  with  pliers,  but  the  fingers  can  often  be  very 
advantageously  used  for  this  work;  cork  or  soft  rubber  placquets  should  be 
bent  by  the  fingers,  as  pliers  damage  them. 

To  Detect  Imperfections  in  a  Lens  hold  it  against  a  dark  background  and 
let  light  be  reflected  from  it  obliquely ;  flaws  or  scratches  can  then  be  readily 
peen  by  moving  the  lens  about. 

For  marking  lenses  a  grease  pencil,  preferably  dark  coloured,  should  be 
used. 

Lenses  made  to  a  prescription  should  be  revised  by  neutralization,  or  by 
a  lens  measure,  before  delivery  to  a  customer  as,  however  much  care  be  taken 
by  the  manufacturing  optician,  occasional  errors  cannot  be  avoided. 

Interchangeable  cylindrical,  ordered  without  frames,  should  have  grease 
pencil  marks  to  show  the  axes  so  that  they  may  be  placed  correctly  in  the 
frame. 

The  spectacle  front  must  face  the  optician,  when  considering  the  direction 
of  the  axis  of  a  cylindrical. 

Before  removal  of  lenses  from  a  frame  they  should  be  marked  right  and 
left,  also  the  tof  and  outer  surface  of  each  should  be  indicated ;  they  can  then 
be  replaced  without  trouble  in  proper  position. 

To  clean  soft  rubber  or  cork  jolacquets,  use  warm  water,  soap  and  brush 
and  dry  thoroughly.     A  spirit,  such  as  petrol,  is  also  useful. 

If  a  screw  be  too  tight  to  turn,  press  hard  upon  it  or,  if  necessary,  tap  the 
point  with  a  small  hammer,  or  heat  slightly. 

To  prevent  ofi-set  placquets  becoming  loose,  as  they  frequently  do, 
compress  with  pliers  the  sides  of  the  box  against  the  screw-plate. 

Sometimes  gold  frames  turn  black,  and  this  may  occur  even  if  18  ct. 
It  is  due  to  chemical  action  of  the  perspiration,  or  to  hair  dye,  complexion 
lotions  or  medicines,  especially  those  containing  sulphur  or  mercury,  or 
even  to  chemicals  used  on  furs,  or  clothing,  or  to  proximity  to  vulcanized 
articles. 

The  thickness  of  a  spectacle  lens  varies  with  its  power  and,  if  strong,  also 
to  some  extent  with  its  size.  An  ordinary  concave  is  about  1  mm.  thick  in  the 
centre  and  about  2  or  3  mm.  at  the  periphery.  Convex  lenses  average  from 
2  to  3  mm.  thick  at  the  centre. 

The  weight  of  a  pair  of  lenses  varies  with  the  size  and  the  thickness; 
an  average  weight  may  be  3  to  5  dwt.  An  average  frame  weighs  2  to  3  dwt., 
so  that  the  total  weight  of  frame  and  lenses  is  about,  say,  6  dwt. 
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The  Trial  Frame — to  Clean — use  warm  water,  soap  and  a  tooth  brush, 
drying  the  frame  in  an  oven  or  before  the  fire.  Benzine  and  petrol  can  be 
used  but  not  in  a  room  where  there  is  a  naked  light  or  fixe. 

To  Sterilize — place  it  for  a  few  hours  in  a  box  in  which  there  is  also  a  vessel 
containing  formaline.  To  keep  it  sterilized,  some  cotton-wool  or  a  small 
sponge  saturated  with  formalin  should  be  placed  in  the  drawer  containing  the 
frame. 

Artificial  Eyes. 

An  artificial  eye  should  be  first  used  only  by  direction  of  the  surgeon, 
the  usual  period  after  enucleation  being  five  or  six  weeks ;  it  not  only  improves 
the  appearance,  but  also  tends  to  keep  the  orbit  and  lids  healthy.  It  may  be 
of  ordinary  single  shell  style,  which  is  suitable  where  there  is  a  good  stump, 
or  of  the  double  shell  (Snellen)  style,  which  is  preferable  where  there  is  little 
or  no  stump. 

The  size  is  important;  if  too  small  the  eye  looks  sunken  and  does  not 
support  the  lids  properly;  if  too  large  it  causes  discomfort  and  irritation  of 
the  parts,  and  limits  mobility. 

The  suitable  shape  is  best  found  by  selection,  and  must  be  that  which 
causes  the  iris  and  pupil  to  be  in  correct  position,  as  well  as  producing  comfort, 
mobility  and  the  maximum  conformity  with  the  other  eye. 

The  iris  should  correspond  in  colour  to  that  of  the  good  eye,  and  the 
size  of  the  pupil  also  when  the  eyes  are  facing  a  good  light  since,  in  that 
position,  any  difierence  would  be  most  noticed. 

The  surface  must  be  smooth  so  as  not  to  cause  irritation ;  use  roughens  it 
owing  to  the  action  of  the  secretions  of  the  orbit  and  lids;  the  eye  should 
then  be  replaced  or  repolished. 

To  select  an  eye,  one  from  stock  may  serve  for  size  or  shape,  another  for 
colour  and  yet  another  for  pupil ;  the  required  eye  must  be  ordered  accordingly. 
It  is  almost  impossible  to  order  one  from  description  and  dimensions. 

To  introduce  or  remove  the  eye  the  wearer  should  stand  before  a  mirror, 
and  have  a  cushion  or  napkin  in  front  in  case  the  eye  should  drop. 

To  Insert. — Dip  the  eye  in  water,  slightly  raise  the  upper  lid  and  slip 
the  eye  underneath,  the  wide  portion  to  the  temporal  side.  Holding  it  in 
position  and  looking  downwards,  depress  the  lower  lid  and  slide  over  the 
eye,  which  will  then  drop  into  position. 

To  Remove. — Pull  down  the  lower  lid,  insert  a  small,  clean,  blunt  probe 
behind  the  eye,  and  guide  it  out  from  the  socket. 

At  night  the  eye  should  be  removed  and  kept  in  water,  and  the  surgeon 
will  doubtless  give  the  necessary  instructions  as  to  the  cleaning  and  drying  of 
the  orbit  so  as  to  keep  it  in  a  healthy  condition. 
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I    Tapetum 
Tenons  capsule 
Test  case 
,,     chart 
,,     discs 
,,     frame 
Testing  room 
Tests,  school 
Tobacco  amblyopia 
Toric  lenses 
Torsion  . . 
Trachoma 
Translation 
Trial  frame 
Trichiasis 
Trochlea 

Tscherning  theory- 
Types,  Jaeger's 

,,       print 

,,       reading  . . 

,,       Snellen's 

,,       test 
Typoscope 

Visibility 
Vision     . . 

,,       abnormal 

,,       binocular 

,,       direct 

,,       double    . . 

„       field  of     . . 

,,       indirect  . . 

, ,       limits  of 

,,       measurement  of 

,,       monocular 

,,       normal    . . 

, ,       peculiarities  of 
physiology 

, ,       recurrent 

,,       reduced  . . 

,,       stereoscopic 

,,       variable 
Visual  acuity 

,,       angle 

,,       axes 

, ,       fatigue 

,,       perception 

,,       phenomena 

,,       projection 

,,       purple     . . 

.,      requisites 

, ,       separation 

,,       threshold 
Vitreous 

Weight  of  lenses  and  frames 
White,  standard  of 

Yellow  spot        . .       •  . . 
Yoked  muscular  action 
Young-Helmholtz  theory 
Young  optometer 

Zonule  of  Zinn  . . 


mLLING  AND,. SONS   1-TD    PEINTERS,   GUILDIORD,    ENGLAND 


For  Prescription  Work, 
and  for  everything  else 
you  need  to  start  and 
carry  on  as  a  Sight- 
Testing  Optician, 

Try  Us 


LONDON  OPTICAL  Co. 

Offices  and  IVorks  : 

344-354,  Gray's  Inn  Rd.,  London,  W.C.I 

Factory  :  "Paris  Branch  : 

ICKNIELD  WORKS,  6.   Rue  de  la  Pepiniere, 

LETCHWORTH,  PARIS, 

HERTS.  FRANCE. 


Two  British  Houses 


J.  &  H.  TAYLOR, 

Dioptric  Works,  Albion  St.,  BIRMINGHAM. 

J.  &  H.  TAYLOR  (London)   Ltd. 

Dioptric  Works,  Red    Lion   St.,  Clerkenwell, 

LONDON,  E.G.  1 


FULL 

STOCKS 
AT 
BOTH 
HOUSES 


Frames 
Lenses 
Optical  Goods 


EVERYTHING  FOR  THE    BEGINNER 

WINDOW   DISPLAY,  TOOLS.  &c. 

The  Finest  Work  in  the  World  for  the  Salesman 

SPECIALS  AND  MODELS 
OF  HIGHEST  GRADE. 

OF   GENERAL   INTEREST. 

"TAYLOR'S    MONTHLY"  will  be  sent  free  to  any  established 
Optician  on  receipt  of  trade  card. 


THE 


DuPAUL,  Young  Optical  Co. 

SOUTHBRIDGE,    MASS, 

Have  always  carried  out  their  motto 

"Quality  and  Finish" 


iliUmmUlUlLUItliilUiiilliiUiitiUUiiniQ^ 


•j^  D.  Y.  O.  Co.'s  ASTIGS  are  unequalled 
"^^  for  style,  design,  and  perfect  action. 
Made  in  Nickel  and  all  qualities  Gold- Filled. 
D.  Y.  O.  Co.'s  Spectacle  Frames,  Fingerpiece 
Mountings  and  Astigs  are  obtainable  from  all 
Wholesale  Optical    Houses.      Insist   on   seeing 

the  D.  Y.  O.  Co.'s  TRADE   MARK  and 

label  on  every  frame. 


London   Office  : 

9,    HATTON   GARDEN,   E.C.I 


The  General   Optical  Company's 

(E.  T.  &  F.  W.  CORNWELL,  Proprietors) 

Premises 


32,  Ely  Place, 
Holborn,  London,  E.G.  1 


32,  Ely  Place, 
Holborn,  London,  E.G.  1 


Are  fitted  with  the  latest  machinery  for  the  execution  of  all  kinds  of  PRESCRIPTION 
WORK,  and  the  continual  increase  of  business  in  this  department  speaks  well  for  the 
accuracy,  promptness,  and  quality  of  the  work  they  turn  out. 

PRESCRIPTION  BOOKS,  ORDER  FORMS, 
ETC.,  WILL  BE  SENT  FREE  ON   APPLICATION. 


THE     

General  Optical  Company 

(E.  T.  &  F.  W.  CORNWELL,  Proprietors) 
Welcome  your  enquiries  for 

TRIAL  CASES  RETINOSCOPES 

TRIAL  FRAMES      PRACTICE  EYES 

KERATOMETERS   TEST  CHARTS 

PERIMETERS  RECORD  BOOKS 

OPHTHALMOSCOPES 

LENS  MEASURES 

and   every   requisite   for  the    Refractionist. 


We  also  hold  large  stocks  of  Spectacles,  Astigs, 
Rimless  Mountings,  etc.,  in  Gold,  Gold-Filled, 
Nickel,  and  Steel,  together  with  stocks  of  Cases, 
Chains,  Readers,  Magnifiers,  Material  of  all 
kinds,  Lenses  (edged  and  uncut),  etc.,  etc. 


THE  "GENO"  RECORD  BOOK 

enables  you  to  keep  full  particulars  of  all  your 
TESTS.     Price  4/6  each. 


ONLY  ADDRESS 

32,  Ely   Place,  Holborn,  London,  E.C.  1 


J.  &  R.  FLEMING 


LIMITED. 

Ophthalmic  Works, 


136-142,  Clerkenwell    Road 
,„,.,       LONDON,  E.C.I 

6,  Key  Hill  Drive, 

BIRMINGHAM  CARDIFF  ANTWERP,  &c. 


_.._  iiiiii 

W/E   SPECIALIZE  in  the  wholesale  J 

__  supply  of  all  the  requirements  of  the  ^ 

=  ophthalmic  optician.  = 

I                  SIGHT  TESTING  M 

=  INSTRUMENTS  &  APPLIANCES  ^ 

g  SPECTACLES  &   EYEGLASSES  § 

=                        IN  ALL   MATERIALS,  = 

g                          LENSES  M 

=         (INTERCHANGEABLE    OR    UNCUT),  = 

M           OPTICAL  MACHINERY,  | 

M  ALL   OPHTHALMIC    OPTICAL  | 

^                  REQUIREMENTS.  ^ 

=.  A  large  staff,  with  experts  in  each  ^ 

=  branch,  always  ready  to  deal  with  ^ 

=  enquiries.  = 


OUR   PRESCRIPTION  WORKS  ARE  THE  LARGEST 

IN   THIS  COUNTRY, 
WITH   ALL   FACILITIES   FOR   THE   BEST   SERVICE. 


The  Optrex  Specialities 

(regd.) 

The  "Optrex"  Lens  Finder  for  Rimless  Mounts 


Opticians  will  find 
the  "OPTREX" 
Lens  Finder  one 
of  the  most  useful 
articles  in  their 
equipment.  It  en- 
ables the  Optican 
to  stock  and  fit 
the  actual  mount 
which  is  to  be 
grlazed  for  his 
client,  giving-  the 
correct  sized  lens 
for  the  individual 
P.D. 

Price    -  1/3 
By  post  1/5 


> 

\ 

/&                                                     THE    OPTREX 
■«?                                                                  LENS    FINDER      REG. 

^^^^ 

JOHN    BAIRO 
^                                                                  68  i  70   MITCHELL    ST 

N^                                                        GLASGOW 

EXACT   SIZE   .MADE    IN    TRANSPARENT   CELLULOID. 


The   "Optrex"    Rule 


The  only  rule 
combining  all 
sizes  of  Eye 
and  necessary 
measurements 
foreitherorder- 
ing  or  checking 
Rx  work.  Only 
made  in  best 
aseptic  Ivorine. 
Handy  size  for 
pocket  7jin.  by 
3Ain.  In  case  or 
without. 


Price,  complete  with  illustrated  instructions,  9/6.        Cases  1'-  and  2/6  extra. 


The  "Optrex" 
Axis  Finder 

A  most  useful  instrument  for  finding 
quickly  the  Axes  of  Piano  Cyl.  or  Sph. 
Cyl.  Lenses.  Price,  complete  with  illus- 
trated instructions,  5/6  post  free. 


Sole. 
Manufacturer  : 


Manufacturing 
Optician, 


JOHN  BAIRD, 

Herald  Optical  Works,  68  &  70.  Mitchell  St.,  GLASGOW 


>..Jm 


WHOLESALE  and 

AND 

EXPORT. 


Spectacle,  Eyeglass, 
Scientific  Instrument 

and 

Lens    Manufacturers 


Specialists    in 

Students  Requisites 


TRIAL  CASES  and  FRAMES 

TEST  CHARTS 

RETINOSCOPES  and  OPHTHALMOSCOPES 

MADDOX  CONVERGIOMETERS 

FACE  AND  FRAME  MEASURING  RULES 

PROTRACTOMETERS 

PRACTICE  EYES 

"CONGRESS"  ROTATING  PRISM 

"RAPID"  AXIS   LOCATOR 

VND    NUMEROUS    OTHER 

OPHTHALMIC  INSTRUMENTS  and  ACCESSORIES 


Can  be  inspected  at  our  Showrooms. 
Full  Particulars  on  Application. 


Hatton  Garden,  London,  E.G.I 

Also  at  PARIS,  SYDNEY,  and  HONG  KONG. 

Telegrams:  "Astigmatic,  Smith,  London."  Telephone- 

Cables:  "Astigmatic,  London."  HOLBORN  1388  (3  lines) 


Optoperf ect  Series 
of  Test  Charts 


^cAuRiscocut^  Designed  to  conform  accurately  to  the 

standard  of  angles  laid  down  by  Snellen. 


X  B 

P  Z  T 


M  P  E  B 


A  Z  B  D  E 


E   L   C  Z   T  O 


L   P  B   F  D  E  Z 


TSZPBDCr 


a 


a 


T  S  <I 

a  a  <i  H 


a  a  a  s  A 


O  T  s  o  a  3 


S  3  H  1  3  ^  J 


H 

E  F 

A  T  N 


H  S  P  Z 


C  D  B  X  L 


O  B  C  R  N  P 


E  P  O  A  c  r  H 


foODTKAC 


11401  11411 

Can  be  inspected  at  our  Showrooms. 
Particulars  on  application. 


11402 


Spectacle,  Eyeglass,  Scientific  Instrument  and  Lens  Manufacturers, 

WHOLESALE  AND  EXPORT, 

Hatton  Garden,  London,  E.C.1     Also  at  Paris,  Sydney,  and  Hong  Kongr 

Telegrams:  "Astigmatic,  Smith,  London."  Cables:  '•Astigmatic,  London." 

Telephone:  HOLBOKN,  1388  (3  lines). 


Practice 
Eye  Model 


^  Now  AiMlSM  OCUI.0"l-|. 


No,   18531 


^^^^  of  Oxydized  Brass,  with  graduated  arc  and  lens  holder  in  front.  Fitted  with  a 
20  D  Lens.  A  reproduction  of  the  retina  is  placed  in  the  inner  tube,  the  latter  being 
""^^t^  '"  ^'^  ^^^  ^^  ^*'^"  ^^^  outside  is  graduated  for  Emmetropia,  Hypermetropia 
and  Myopia.     Can  be  inspected  at  our  showrooms. 

Also  a  variety  of  Retinoscopes  and  Ophthalmoscopes  for  use  with  above. 

spectacle,  Eyeglass,  Scientific  Instrument  and  Lens  Manufacturers, 

WHOLESALE  AND  EXPORT, 
Hatton  Garden,  London,  E.C.1     Also  at  Paris,  Sydney,  and  Hong  Kong 

Telegrams:  "Astigmatic,  Smith,  London."  Cables:  "Astigmatic,  London." 

Telephone:  HOLBORN,  1388  (3  lines). 

10 


The  "Thorington 

No.    10734 

Most  useful  and  comprehensive  set.  Polished  Oak 
case,  with  panelled  lid  :  mounted  in  *'Gilt"  and 
'*  Platinel"  screw-jointed  rims,  with  plainly  marked 
handles. 


93 


Spectacle,  Eyeglass,  Scientific  Instrument  and  Lens  Manufacturers, 

WHOLESALE  AND  EXLORT, 
Hatton  Garden,  London,  E.C.1      Also  at  Paris,  Sydney,  and  Hong  Kong 

Telemams :  "  Astigmatic,  Smith,  London."  Cal.les :  "Astigmatic,  London.' 

Telephone  :   HOLBORN,  1388  (3  Imes). 


THE  NEW 

SUTCLIFFE  -  CULVER 


PATENT 


Micro-Keratometer 


A  few  of  the  special  points  in  the   Instrument. 


A   Combination   of   a    Perfect    Corneal 
MICROSCOPE    AND    KERATOMETER. 

Particulars  of 

GEORGE    CULVER,    LTD. 

Optical    Woris,    PENTONVILLE.    LONDON,    N.  1. 


THEORY!  PRACTICE! 
QUALIFICATION ! 
THE  SKILLED  TEST ! 
THE  RIGHT  RESULT ! 
AND   THEN 

a  pair  of  lenses  with  mount 
or  frame  establish  reputation 
or  prove  its  undoing.  The 
House  of  Archer  signalises 
its  sixty  years'  record  of 
quality  work  by  extension 
and  development  founded 
upon  quality  and  organised 
for  quality — whether  of  lens, 
frame  or  mount.  The  highest 
grade  of  all  three  and  of  the 
best  modern  service  wait  upon 
your  refraction.  R.  Archer 
and  Sons,  Limited,  1,  Amwell 
Street,  London,  E.G.  L 

{Optical  trade  only.) 
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J.  B.  JACQUEMIN  BROS 


LIMITED. 


THE  HOUSE  FOR 


I 

u 


spectacles 

Eyeglasses 

"Autocrat"  Patem  Monocles 

Lenses 

Lorgnettes 

Test-room  Appliances 

and 

General  Optical  Goods 


Prescription  Work 

Our  Prescription  Department  is 
well  organized,  and  satisfies  an 
increasing   circle   of  customers. 

It  will   satisfy  YOU 


J.  B.  JACQUEMIN  BROS.,  LTD. 

Manufacturing  Opticians, 

65,  HATTON    GARDEN,  LONDON,  E.G. 

Factories:  LONDON,  MOREZ,  PARIS. 
Telegrams:  MAGNIFYING,  LONDON.  Telephone :  CENTRAL  2223. 

14 


Telegrams : 

"Lenton,  Established   1817  Telephone :  No.  3433 

Waingate,  Sheffield."        ~ 

LENTON  &  RUSBY 

Manufacturing  Opticians, 

Optical   Works,  Waingate, 
SHEFFIELD. 


LENSES                       MOUNTINGS  KRYPTOKS 

FRAMES                     MATERIAL  CROOKES' 

RX    WORK  GLASS 

TRIAL  CASES       TRIAL  FRAMES  INSTRUMENTS 

MACHINERY 

FURNACE   SPECTACLES             EYE  PROTECTORS 
INDUSTRIAL  GOGGLES 


HORN    BOX    MAGNIFIERS 

VULCANITE    MAGNIFIERS 

LINEN    PROOVERS 

HORN    BOTANICAL  MAGNIFIERS 

VULCANITE    BOTANICAL  MAGNIFIERS 

OCULISTS'   MAGNIFIERS 

READING   GLASSES 

BRASS   WORK 

VULCANITE    READING   GLASSES 


BAROMETERS      THERMOMETERS      PRISM  GLASSES 


Repairs  to  all  Optical  Goods. 


^5 


ALL  VARIETIES  BRITISH   THROUGHOUT 


Cases  for  Spectacles 


WILLMOTTS,  LI2: 

Optical  Case  Patentees 
AND   Manufacturers. 


Works    at    EVESHAM 
and  CHELTENHAM. 


London  Office  and   Showrooms  : 
55,    HATTON     GARDEN,    E.C.I 


Cases  for  Eye  Glasses 


ALL   VARIETIES  BRITISH   THROUGHOUT 


i6 


Gold-Filled  and  Zylo 
Optical  Goods. 


Having  actual  B.S.O. 

dependability,  with  refinements  of 
merit,  that  will  always  appeal  to 
conservative  and  discriminating 
purchasers. 

On  each  article  the  D.O.VJ. 
tag  is  attached  —  the  mark  by 
which  the  products  of  the  House, 
that  really  designs  its  goods  for 
efficient  and  comfort  -  giving 
qualities,  is  known. 


BAY  STATE  OPTICAL  Co 

Factory  at 

ATTLEBORO,  MASS,  U.S.A. 


■7 
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Gold  Filled 
Cable  Frames 


The   Cardinal    Points   of 
Excellence  : 

DURABILITY 

COMFORT 

QUALITY 

HARDNESS 


Ask     your     Wholesaler     for     CAWCO 
CABLE  FRAMES,  and  give  satisfaction 

Manufactuted  bp 

C.  A.  WILKINSON  &  CO. 

To  be  obtained  through  Wholesale  Optical  Houses. 


i8 


After  Years  of 
Experimenting 


we   have  evolved  a  mounting  which  has 
withstood  the  criticism  of  the  entire  trade. 


I  The  Universal 

II       Fingerpiece  Mounting 


For 

VALUE  ^  ^ 
RIGIDITY  ^ 
DURABILITY 


Manufactured  by   

: :   The  Universal  : : 
Optical  Corporation 

'Co  be  obtained  through  IVholesale  Optical  Houses. 
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•  ^uflencQ 


Buffalo  Lens  Mfg.  Co. 

Manufacturers  of  Uncut  Spectacle 
Lenses  of  Highest  Quality : — 

Meniscus 
Periscopic 

Flat  Rough  Cylinders 
Flat  Piano  Cylinders 
Flat  Sphero  Cylinders 
Toric  Rough  Cylinders 
Toric  Piano  Cylinders 
Toric  Sphero  Cylinders 
Pcx,  Piano  and  othe^  curve  Wafers. 


Insist  on   BUFFALO   LENSES,  and   ensure 
the  BEST  from  your  Wholesale  Supply  House. 


n^? 
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The  Aristocrat  Line  of 

One-Piece  Frames 

and  Mountings 

are  made  in  the  following  assortment : 

Qll^llfip<5  •  ^'^^-  WHITE  &  YELLOW  GOLD, 
uaiinca  .  jQ^   WHITE  &  YELLOW  GOLD, 

1/10-12K.  WHITE  AND  YELLOW  GOLD-FILLED. 

VnriPfv  •  ^I^'E  SEPARATE  AND  DISTINCT 

Y  ancty  .  GUARDS,  GRECIAN  &  STRAIGHT 

SPRINGS,  BOTH  ZYLONTTE  RIMS  &  RIMLESS. 

COMPRISING  SIXTY  DIFFERENT  VARIETIES 
IN  ALL  for  your  choice,  at  once  making,  as  usual,  the 
ARISTOCRAT  LINE  THE  HEADQUARTERS  of 
ONE-PIECE  EYEGLASS  GOODS. 

A  DISTINCTIVE  FEATURE  in  the  manufacture  of 
these  goods  is  that  they  are  not  made  by  merely  blanking 
out  and  bent  to  shape,  but  every  mounting  is  rounded  on 
the  edges,  which  gives  that  DISTINCTIVE  SIGN  OF 
REFINEMENT  in  manufacture  which  has  always 
characterized  the  ARISTOCRAT  LINE. 

WHEN  YOU  WANT  THE  BEST  MADE  and 
LARGEST  ASSORTMENT  of  ONE-PIECE  EYE- 
GLASS, whether  in  Gold  or  Gold-Filled,  specify  the 
ARISTOCRAT  LINE  when  ordering  from  your  jobber. 


Made  by  the 

Optical  Specialty  Mfg.  Co. 


Gold-Filled 
Goldaloid 
Aluminium 
German  Silver 
Bronze 


Eyeglasses  g 

Spectacles  m 

Finger-Piece  Mounts  g 

Goggles  S 


OTHER   OPTICAL   SPECIALITIES  = 


Manufactured  by 

The  Central  Optical  Co 


AND    SUPPLIED   THROUGH 
THE  WHOLESALE   HOUSES 


m 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


RE  Laurance,   Lionel 

925  Visual  optics  and  sight 

L3  testing.  2d     ed. 
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